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SPECIAL MOTE 

The methods and analytical procedures described in this 
Manual are designed to be carried out by properly trained 
personnel in a suitably equipped laboratory. In conaon with 
■any laboratory procedures, the methods quoted frequently 
involve hasardous materials. 

For the correct and safe execution of these methods it is 
essential that laboratory personnel follow standard safety 
procedures for the handling of hazardous materials. 

While the greatest care has been exercised in the 
preparation of this information, FAO expressly disdains 
any liability to users of these procedures for 
consequential damages of any kind arising out of or 
connected with their use. 

The methods are also not to be regarded as official because 
of their inclusion in this Manual. They are simply methods 
which have been found by experience to be usable in the 
average laboratory. 
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INTRODOCTICW 

The Joint FAO/WHO Expert Committee on Food Additives (JECFA) was 
established pursuant to the reoomnerdations of the first Joint FAD/WHO 
Conference on Food Additives in 1955 1 . The terms of reference of this 
Ocmmittee are to deal with, and to advise the two Organizations on, the 
technical and administrative aspects of problems of food additives, and 
specifically: 

(a) to formulate general principles governing the use of food additives, 
with special reference to their legal authorization, based on 
appropriate consideration of their harmlessness, standards of purity, 
limits of tolerance, and the social, economic, psychological, and 
technological reasons of their use; and taking into account the work 
already done in this field by national and international bodies; 

(b) to recommend, as far as practicable, suitable uniform methods for the 
physical, chemical, biochemical, pharmacological, toxicological , and 
biological examination of food additives and of any breakdown products 
formed frcm them during processing, for the pathological examination of 
experimental animals, and for the assessment and interpretation of the 
results. 

A second Joint FAD/WHO Conference on Food Additives was held in 1963 2 
and a third Conference in 197 3 3 . The Conferences have set or ratified policy 
guidelines and direction for the work of the Expert Ocmnittee. 

Sessions of JECFA have been held annually since 1956. General principles 
for evaluation of food additives as to their safety-in-use have been laid down 
and continually modified or updated by the Ccnmittee in the light of advances 
in knowledge axvoerning the nature and effects of food additives. Detailed 
information on the identity and purity of food additives are a prerequisite 
for evaluation. This need is met by the specifications regularly established 
by JECFA according to the guidelines laid down in its Reports (see 
particularly Annex 4 of the 10th Report and Section 2.3, page 8 of the 23rd 
Report) , and updated continual ly. The specifications are developed mainly for 
the use of toxicologists and others concerned with the safety and quality of 
food additives, and to prescribe an adequate degree of purity. 

The substance of the annual sessions of JECFA has been recorded in 84 
publications, mainly Reports containing its deliberations and reccnmendaticne, 
Toxicological Monographs, and Specifications of Identity and Purity. A list 
of these publications may be found in Annex 2. 

It is emphasized that specifications must be read in conjunction with 
the relevant evaluation of JECFA for each substance, as reflected in the 
Reports. These Reports may indicate inter alia the acceptable daily intake 
(ADI) of the substance and any special considerations or limitations in regard 
to safety or use. With reference to specifications, the Report may indicate 
why these are published bearing the designation ("tentative"). In many 
instances such a designation is applied because the toxicological evaluation 
has led to decisions either of "teigporary ADI" (usually where information is 
adequate for a decision valid for a few years until the required further 
information is provided) or of "No ADI" (usually where information is 
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inadequate). In other instances specifications are designated ("tentative") 
for lack of adequate technical data on the substance, such as ocrplete 
ocmposition, manufacturing materials or process, levels of contaminants, or 
lack of suitable methods to characterize adequately the purity of the 
substance or its identity. At its Twenty-third Session (1979) the Ocnmittee 
had, however, decided to use the qualifier "tentative" only in those instances 
where information an identity, purity, technology of products and residue 
levels would be insufficient. 

Such technical deficiencies may at times be indicated in the published 
specifications only, and not reflected in the Report. 

Published specifications of JECFA refer to General Methods, Test 
Solutions and other general reference material contained in its earlier 
publications. There was a need to collect and ocrplete all such general 
reference material pertaining to the prcper reading, interpretation and use 
of specifications, to bring it up to date, and to present it in a single 
volume for ease of reference. 


A guide. Food and Nutrition Paper No. 5, design to fill the need 
expressed in the previous paragraph was published in 1978. The publication 
was revised and up-dated for the first time in 1983. The present publication 
presents the second revision. The items have been re-grouped, hopefully in a 
more concise manner, out-dated information has been deleted and sane newer 
techniques, e.g. Headspace Gas Chromatography, have been added. 


Comments and information bearing cn the contents should be sent to: 


Chief 

Food Quality and Standards Service 
Pood Policy and Nutrition Division 
FAD, 00100 Rone, Italy. 
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GENERAL NOTICES 


APPLYING TO THE STANDARDS, TESTS, AM) ASSAYS OF THE 
SPBdFICMTONB PREPARED BY THE 
JOINT raO/WMO EXPERT OCMOTTEE ON POOD ADDITIVES 


Function of General Notices 

These General Notices provide in summary form a commentary on hew the 
specifications of the Joint FAD/WHO Expert Ocmaitte on Pood Additives (JECFA) 
are to be interpreted. Where, occasionally, exceptions to the General Notices 
are necessary, the language in the individual specification or General Methods 
Chapter takes precedence and specifically indicates the directions or intent. 
Otherwise, the General Notices apply. 

Conconent Parts of individual Specifications 

1. Substances other than enzyme preparations 

The specifications for each food additive or group of additives other 
than enzyme preparations generally consist of the following major 
sections: Title, Synonym (s) , Definition, Description, Functional Use(s) , 
Characteristics, Tests and Method of Assay. These sections are discussed 
below in the order in which they occur in the specifications. 

TITLE The title selected for individual specifications is the name 

of the additive or group of additives which, in the view of 
JECFA, most appropriately identifies the substanoe or 
substances defined by the specifications. The name used for 
the title is rot necessarily the chemical name of the 
additive, nor the name used by the International Onion of 
Pure and Applied Chemistry (IUPAC) . Furthermore, the titles 
of the specifications in this document may differ from the 
titles used in the toxicological monograph, which sometimes 
apply to large groups of additives (e.g. acetates, 
phosphates) for which specifications are established 
separately. 

SYNONYM (8) Listed in this section are names, acronyms, and 

abbreviations under which the additive is widely known, 
other than those used for the Title or Chemical name (see 
below) . The International Numbering System (INS) number 
which was adopted by the Codex Alimentarius Ccnmissian, the 
European Economic Community (EEC) nuntoer and the FD and C 
number are also listed here where applicable. Cannon or 
trivial names may be included. However, registered trade 
names will not be a title or a synonym. 
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DEFINITION 


Chemical name 


Chemical 
formula & 
structural 
formula 


This section defines the additive, and for this purpose the 
Chanical name, Chemical formula, Structural formula. 
Molecular or Formula weight and Assay are usually given and 
sometimes, where appropriate, items such as, C.A.S. number. 
Class name and/or Colour Index (C.I.) number for colour are 
also given. For sane substances, such as those of natural 
origin or those with mixed cctiponents, detailed 
descriptions, necessary to define the additives, are given. 


Where an IUPAC or IUB? (the International Union of 
Biochemistry) name exists for an additive (whether 
systematic name or reocnmended ocrmon name) , it is listed 
first among the chemical names. Other chemical names may 
also be provided. 


These are provided where known or where generally accepted, 
for the additive itself, or for the active ocnponent(s) of 
the additive. 


Molecular 
(or Formula) 
weight 


ASSAY 


DESCRIPTION 


The term "Molecular weight" will be used in preference to 
the IUPAC reccrtnendation of "Relative molecular mass" for 
molecular substances. The term "Formula weight" will be 
applicable in general to any substance having a chemical 
formula - ccnpound or element - regardless of the nature of 
its constituent particles -atoms, ions, molecules, or 
extended arrays of oovalently linked atoms. Molecular or 
Formula weights (as well as gravimetric factors specified 
in analytical procedures) are calculated from values given 
in the 1987 IUPAC Table of Standard Atomic Weights, which 
are based on the carbon- 12 scale. 


A quantitative assay requirement is provided where 
applicable to indicate the minimum acceptable content, or 
acceptable range, of the chemical conponent(s) of an 
additive. When an upper limit is not given, the assay should 
show the equivalent of not more than 100.5%. Sometimes the 
minimum acceptable content or the range of the constituent 
relating to the content of the component of the additive is 
given. 

Information pertaining to physical appearance and other 
properties such as stability, odour, taste and special 
caution in usage and/or storage is provided in this section. 
Such information should not be interpreted as rigidly as 
measurable characteristics and does not constitute standards 
or tests of identity or purity. 


IUPAC, Nomenclature of Inorganic Chemistry (Recommendations 1990) , 
1990, Blackwell Scientific Publications. 

IUPAC, Nomenclature of Organic Chemistry (Sections A, B, C, D, E, F, and 
H, 1979 Edition), 1979, Pergamon Press. 

IUB, Biochemical Nomenclature and Related documents, 1978, The 
Biochemical Society. 
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FUNCTIONAL Functional uses are provided in each monograph to indicate 

USE(S) the principal and secondary recognized technological 

application (s) of the additive in foods or in food 
processing. The statement, however, is not intended to 
indicate that the additive has no other utility than the 
functional use(s) listed. (In this connection it should be 
noted that vitamins, minerals, nutrients, and dietary 
supplements are considered by JECFA to be foods rather than 
food additives.) 

CHARACTERISTICS 


Identification These tests are provided only as an aid to substantiate 
Test identification. Regardless of their specificity, the tests 

are not necessarily sufficient to establish proof of 
identity. However, failure of a substance to meet the 
requirements of the prescribed identification tests is an 
indication that the substance may be mislabelled and that 
it will not meet the overall specifications of the 
monograph. 


Purity Tests Tests for trace inpurities as well as for other parameters, 

such as physical properties, cure based on current knowledge 
of the manufacturing process at the time the specifications 
are prepared. Limits for such constituents are provided at 
levels that are consistent with current good manufacturing 
practice and cure deemed to be safe and otherwise 
unobjectionable under conditions in which the additive is 
customarily employed (including recognition of the 
Acceptable Daily Intake established for the additive by 
JECFA) . 

TESTS Methods and conditions of Identification Tests and Purity 

Tests other than those appearing in General Methods cure 
generally presented in this subsection. However, in cases 
where these narrations can be given in brief, they may be 
presented at the section of Characteristics. 

METHOD OF ASSAY Assay methods such as principle, apparatus, reagents, 
procedure and calculation are provided at the end of each 
specifications or referred to General Methods where 
available. 


2. Enzyme preparations 

Enzyme preparations used in food processing whether from animal, 
vegetable or microbial sources have to meet the general specification, 
"General Specifications for Enzyme Preparations used in Food Processing" 
which consists of the following sections: Definition, Active components, 
Source materials, Carriers and other Additives and Ingredients, Hygiene 
and (contaminants (Part V of this volume) . In addition, enzyme 
preparations have to meet individual specifications which generally 
consist of the following sections discussed below in the order in which 
they cccur in the specifications. 
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TITLE 


The name of the active principle (s) which most accurately 
characterizes the preparation defined by the specification 
is selected. The name used for the title is not necessarily 
the systematic name recctimended by the Nomenclature 
Committee of the IUB 5 . Where appropriate, let the sources 
appear as a component of the title. 


SYNONYM (S) Listed in this section are names and abbreviations under 

which the preparation is widely known, other than those used 
for the Title or Systematic Names (see below) . The INS 
number is also listed where applicable. 


SOURCE 


Described in this section are animal tissues, plant material 
or microbial sources used. Species, strains or variants, 
strain numbers and plasmid numbers if from recognized 
culture collections/depositories (e.g. ATOC) where 
appropriate are also given here. In case where the source 
organism is derived from genetic manipulation, a description 
of the derivation should be given. This should include the 
identity of the host organism and characterization of all 
introduced CNA. 


active Listed in this section are principle enzyme activities 

PRINCIPLE (S) demonstrated by the preparation. IUB's recommended names are 

generally listed first. Other names may also be provided. 


SYSTEMATIC 
NAME AND NUMBER 


Where IUB's systematic name and enzyme number exist, they 
are listed for each active principle 


REACTION Listed in this section are the specific substrates acted 

CATALIZED upon, the reactions catalyzed and the products formed by the 

active principles. 


secondary Listed in this section are minor enzyme activities which may 
enzyme be present in the enzyme preparations and influence the 
activity (S) applications. 


DESCRIPTION 


FUNCTIONAL 

USES(S) 


Information pertaining to physical appearance, solubility 
in water and in organic solvents and other properties such 
as manufacturing process, diluents, carriers, stabilizers, 
preservatives, inroobilization agents is presented here. 

Listed in this section are principal and secondary 
technological applications of the enzyme preparation in toed 
or in food processing. 


GENERAL A statement that all preparations have to conform to the 

SPECIFICATION "General Speci fictions for Enzyme Preparation used in Food 
Processing" is noted here. 


IUB, Enzyme Nomenclature (Recommendations 1984), 1984, Academic Press. 
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CHARACTERISTICS 


General Comments 


Analytical 

Samples 


Analytical 

Standards 


Apparatus 


Assay methods for enzyme activities are provided here as the 
identification test of the active principles. Where 
applicable assay methods can be referred to General Methods. 
Listed in this section also are tests for trace inpurities 
resulting from, for example, leakage of carriers and 
immobilization agents other than those noted by the General 
Specifications. 

and Definition of Terms Applying to Tests and Assays 

The quantity of the analytical sample to be used is usually 
indicated in tests and assays. Unless otherwise specified, 
the quantity used may deviate by 10% from that stated. All 
quantitative determinations should be conducted on duplicate 
tests portions and in these cases, the amount actually taken 
should be accurately weighed or measured and the result of 
the analysis calculated on this exact quantity. When 
substances are to be "accurately weighed" in a test or 
assay, the weighing is to be performed in such manner as to 
limit the error to ±0.1% or less. Quantities to be weighed 
smaller than 100 mg should be weighed to the nearest 0.1 mg. 

Certain procedures (e.g. chromatographic and 
spectrcphotametric instrumental analyses, and antibiotic and 
enzyme assays) require the use of analytical reference 
standards. Where suitable standards are available from 
recognized international bodies, these are specified. In the 
absence of international standards, it has been necessary 
in some cases to specify the use of reference standards 
available from such organizations as the British 
Fharmacopoeia (BP) , Food Chemical Codex (PCC) , National 
Formulary (NF) of the United States, or the United States 
Fharmacopeia (USP) . Ihe addresses of these organizations 
may be found in the individual monograph. 

With the exception of volumetric flasks and other exact 
measuring or weighing devices, directions to use a certain 
size or type of container or other laboratory apparatus are 
intended only as recommendations, unless otherwise 
specified. 

In certain unavoidable cases, the Committee has found it 
necessary, for accurate description, to use a proprietary 
name to indicate a certain type of instrument (e.g. 
spectrophotometer or chromatograph) that is known to give 
satisfactory results in a particular analytical procedure. 
Such listing in these specifications does not necessarily 
constitute endorsement of the specified instrument by the 
Committee, nor does it imply that similar instruments from 
other sources cannot be used with agual or better 
satisfaction, or thay they are of lesser quality or utility 
than the instrument named. 
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Blank Tests 


Constant Weight 


Desiccants and 
Desiccators 


Indicators 


Methods and 
Procedures 


Odourless 


Reagents 


The term "perform a blank determination", or other similar 
words, indicates that a reagent blank determination should 
be conducted, wherein the same quantities of the same 
reagents are used and the same procedure is repeated in 
every detail except that the substance being tested is 
omitted. 


A direction that a substance is to be "dried to constant 
weight" means that the drying should be continued until two 
consecutive weighings differ by not more than 0.5 mg per g 
of sanple taken, the seoond weighing to follow an additional 
hour of drying time at the temperature specified. 


The direction to "ignite to constant weight" means that the 
ignition should be continued at a temperature of 450"- 
550", unless otherwise specified, until two consecutive 
weighings do not differ by more than 0. 5 mg per g of sanple 
taken, the second weighing to follow an additional 30 min 
ignition period, depending upon the nature of the sanple 
tested. 


The expression "in a desiccator" means the use of a tightly 
closed container of appropriate size and design in which a 
lew moisture content can be maintained try means of a 
suitable desiccant. Preferred desiccants include, but are 
not limited to, anhydrous calcium chloride, magnesium 
perchlorate, phosphorus pentoxide, and silica gel. 


The quantity of an indicator solution used should be 0.2 ml 
(approximately 3 drops) , unless another quantity is 
specified. 


The analyst is not prevented from applying analytical 
methods different from those prescribed herein, or from 
using variations in the specified procedures, provided that 
the methods and procedures enployed produce results of 
equivalent accuracy and specificity. An attenpt has been 
made to use methods calling for apparatus/equipnent 
available in most laboratories, so long as such methods give 
results appropriate to the limit or purpose indicated. 


The term "odourless" applies to the examination, after 
exposure to air for 15 min, of between 1 and 25 g of the 
substance that has been transferred from the original 
container to an open evaporating dish of about 100 ml 
capacity. 


Reagents used in tests and assays should be of appropriate 
analytical grade and should contain no interfering 
inpurities. 
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Significant 

Figures 


Solubilities 


Solutions 


Where tolerance limits are expressed numerically, the values 
are considered to be significant to the number of digits 
shown. Thus, "not less than 99.0%" means 99.0 but not 99.00. 
Values obtained in tests and assays should be rounded-off 
to the nearest indicated digit according to the commonly 
used practice of rejecting or increasing numbers less than 
or greater than 5. For example, a requirement of not less 
than 96.0% would be met by a result of 95.96% but not by a 
result of 95.94. When the digit to be dropped is exactly 5, 
the value should be rounded-off to the closest even digit. 
Thus, both 1.4755 and 1.4765 would be rounded-off to 1.476. 
When a range is stated, the upper and lower limits are 
inclusive, so that the range consists of the two values 
themselves, properly rounded-off, and all intermediate 
values between them. 


Approximate solubilities, as specified in the Identification 
Tests in the Characteristics section of monographs, are to 
be interpreted according to the following general 
descriptive terms: 


Descriptive Term 


Very soluble 
Freely soluble 
Soluble 

Sparingly soluble 
Slightly soluble 
Very slightly soluble 
Practically insoluble or 
insoluble 


Parts of ..So lvent requ i red 
for 1 part of Solute 

Less than 1 
From 1 to 10 

From 10 to 30 

From 30 to 100 

From 100 to 1,000 

From 1,000 to 10,000 

More than 10,000 


Unless otherwise specified, the solubility test is to be 
conducted after transferring a sample into the specified 
solvent and shaking for no less than 30 sec and no more than 
5 min. 


All solutions, unless otherwise specified, are to be 
prepared with distilled or deionized water. Directions for 
the preparations of "TS" (test solutions) , "TSC" 
( colour imetric solutions) and "M" (lead free solutions) 
are provided in the chapters on General Methods. 

Where volumetric solutions of definite concentration are 
directed to be used in quantitative determinations, 
standardized solutions of other concentrations may be 
employed, unless otherwise specified, if allowance is made 
for the calculation factor and if the error of measurement 
is kncwn not to be increased significantly thereby. 

Unless otherwise specified, it should be understood that 
concentrations of solutions prepared from liquids only are 
expressed in terms of volume in volume (v/v) , and solutions 
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Temperatures 


Turbidity 

Vacuum 

Water 

Water-bath 

Weights and 
and Measures 

The units and 


of solids in liquids are expressed in terms of weight in 
volume (w/v) . Thus, expressions such as "1 in 10" or "10%" 
mean that 1 part by volume of a liquid, or 1 part by weight 
of a solid, is to be dissolved in a volume of the diluent 
or solvent sufficient to make the finished solutions 10 


parts by volume. For other types of solutions (e.g. gases 
in liquids) , and where the above guidelines do not apply, 
the directions will specify the basis on which the 
concentration is determined (e.g. w/w, v/w) . 


Unless otherwise specified, temperatures are expressed in 
centigrade (Celsius) degrees, and all measurements are to 
be made at 20‘ . Ordinary procedures not involving precise 
instrumental measurements may be conducted at roan 
temperature (approximately 15‘-30‘ ) unless a particular 
temperature is specified in a test or assay. 


The terms "clear", "almost clear", "very slightly turbid", 
and "turbid", as specified in Purity Tests for "Clarity and 
colour of solution", are defined in the individual 
monographs. The term "no turbidity is produced" means that 
the clarity of the solution does not change. 


The unqualified use of the term "in vacuum" or "in vacuo" 
means a pressure at least as low as that obtainable by an 
efficient aspirating water punp (i.e. not higher than about 
20 ran of mercury) . 


See "Solutions". 


The term "water-bath" means a bath of boiling water, unless 
water at sane other temperature is indicated. An alternative 
form of heating may be enplqyed, provided that the required 
temperature is approximately maintained and not exceeded. 

The metric system of weights and measures is used. 


fteir ab b re v iations , ca g mgn l y . used. ..are, .as .foll g y s 


m 

= 

meter 

an 

= 

centimeter (10‘ 2 m) 

mm 

= 

millimeter (10‘ 3 m) 

/jm 

= 

micraneter (10‘ 6 m) 

run 

= 

nananeter (10‘ 9 m) , 

g 

= 

gram 

kg 

= 

kilogram (10 5 g) 

mg 

= 

milligram 10' 3 g) 

Mg 

= 

microgram (10’ 6 g) 

ng 

= 

nanogram (10 9 g) 

L 

= 

Liter 

ml 

» 

milliliter (10‘ 3 L) 

Ml 

= 

micnoliter (10‘ 4 L) 

h 


hour(s) 


formerly 
formerly nyr 


(microns) 

(millimicrons) 
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min 

= 

minute (s) 

sec 

= 

second (s) 

• 

= 

degrees Celsius (centigrade) 

(iA 

= 

micro anperes 

N 

= 

normality (gram equivalent per liter) 

M 

— -i 
cm 

= 

molarity (mole per liter) 

= 

wave number 

itmHg 

= 

mm of mercury, unit of pressure 

atm 

= 

one atmosphere (760 mm Hg) 

bar 

= 

unit of pressure (tayn' 1 sec 2 ) 

psi 

= 

unit of pressure (pounds per square inch) 

R» 

= 

ratio distance spot mcved/distanoe solvent moved 

rpm 

= 

revolution per minute 

drop 

= 

approx. 0.05 ml 

meq 

* 

milli equivalent 

mV 

= 

millivolt 


Other abbreviations commonly used in this publication 

AQAC Association of Official Analytical Chemists 
ASTM American Society for Testing Materials 
ATOC American Type Culture Collection 
BP British Fharmacopoeia 
b.p. Boiling point 

EC Enzyme Qarmission of IUB ( for systematic nomenclature 
and numbering system of enzymes) 

EEC European Economic Community 
POC Food Chemical Codex (USA) 

GC Gas Chronatography 

GLC Gas Liquid Chronatography 

HFLC High Performance Liquid Chromatography 

i.d. Internal diameter 

INS International Numbering System (for Food Additives) 
IP International Fharmacopoeia 
IR Infra Red 

ISO International Organization for Standardization 

IUB International Union of Biochemistry 

IUPAC International Union of Pure and Applied Chemistry 

LC Liquid Chromatography 

JW Molecular Weight 

NF National Formulary (USA) 

NMR Nuclear Magnetic Resonance 

o.d. Outer diameter 

Soln Solution 

sp.gr. Specific gravity 

TLC Thin-Layer Chronatography 

USP United States Fharmacopoeia 

UV Ultraviolet 
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GENERAL ANALYTICAL TECHNIQUES 


CHROMATOGRAPHY 

( Note . Hie following presentation is not intended to represent an exhaustive 
treatise on chromatographic methods, nor does it take into account numerous 
variations in procedures which may be necessary, depending upon the particular 
reagents or instruments used. It is therefore recommended that, for more 
detailed instructions, the analyst follow the directions provided by the 
supplier of the reagents and instruments enployed for the particular additive 
under analysis.) 

Chromatography is defined as an analytical technique whereby a mixture 
of chemicals may be separated by virtue of their differential affinities for 
two iitmiscible phases. One of these, the stationary phase, consists of a fixed 
bed of small particles with a large surface area, while the other, the mobile 
phase or "eluant", is a fluid that moves constantly through, or over the 
surface of, the fixed phase. Chromatographic systems achieve their ability to 
separate mixtures of chemicals by selectively retarding the passage of some 
compounds through the stationary phase while permitting others to move more 
freely. Therefore, the chromatogram may be evaluated qualitatively by 
determining the R,, or retardation factor, for each of the eluted substances. 
The R, is a measure of that fraction of its total elution time that any 
conpcund spends in the mobile phase. Since this fraction is directly related 
to the fraction of the total amount of the solute that is in the mobile phase, 
the R, can be expressed as 


R. = WOlft + v s c *> < 

where V and V 5 are the volumes of the mobile and stationary phase, 
respectively, and C^ and C s are the concentrations of the solute in either 
phase at any time. This can be sinplified to 

R, = VtV. + KV S ) , 

where K = and is an equilibrium constant that indicates this 
differential affinity of the solute for the phases. Alternatively, a new 
constant k* , the capacity factor, may be introduced, giving another form of 
the expression: 


Rf = V(1 + *’), 

where k 1 = KV^/V^. The capacity factor, k’, which is normally constant for 
small sanples, is a parameter that expresses the ability of a particular 
chromatographic system to interact with a solute. The larger the k 1 value, the 

more the sample is retarded. 

Both the retardation factor and the capacity factor nay be used for 
qualitative identification of a solute or for developing strategies for 
inproving separation. In terms of parameters easily obtainable from the 
chromatogram, the R, is defined as the ratio of the distance traveled by the 
solute band to the distance traveled by the mobile solvent in a particular 
time. The capacity factor, k' , can be evaluated by the expression 
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k ' = ( fc r - V/V 

where t,., the retention tine, is the elapsed tine frcra the start of the 
chromatogram to the elution maximum of the solute, and t 0 is the retention 
tine of a solute that is not retained by the chronatographic system. 

Retardation of the solutes by the stationary phase nay be achieved by 
one or a combination of mechanisms. Certain substances, such as alumina or 
silica gel, interact with the solutes primarily by adsorption , either physical 
adsoption . in which the binding forces are weak and easily reversible, or 
chemisorption . where strong bending to the surface can occur. Another 
inportant mechanism of retardation is partition , which occurs when the solute 
dissolves in the stationary phase, usually a liquid coated as a thin layer on 
the surface of an inert particle or chemically bonded to it. If the liquid 
phase is a polar substance (e.g. polyethylene glycol) and the mobile phase is 
nonpolar, the process is termed normal-phase dircmatocrraphv . When the 
stationary phase is nonpolar (e.g. octadecylsilane) and the mobile phase is 
polar, the process is reverse-phase chromatography . For the separation of 
mixtures of ionic species, insoluble polymers called ion exchangers acre used 
as the stationary phase. Ions of the solutes contained in the mobile phase are 
adsorbed onto the surface of the ion exchanger while at the same time 
displacing an electrically equivalent amount of less strongly bound ions in 
order to maintain the electroneutrality of both phases. The chromatographic 
separation of mixtures of large molecules such as proteins may be acocnplished 
by a mechanism called exclusion , chronatocnrachv or gel chrcmatoarachv . The 
stationary phases used are highly cross-linked polymers that have imbibed a 
sufficient amount of solvent to form a gel. The separation is based on the 
physical size of the solutes; those that are too large to fit within the 
interstices of the gel are eluted rapidly, while the smaller molecules follow 
an irregular path through the pores of the gel and are eluted later. In any 
chromatographic separation, more than one of the above mechanisms may be 
occurring simultaneously. 

Chromatographic separations may also be characterized according to the 
type of instrumentation or apparatus used. The types of chromatography that 
may be used are column, paper, thin-layer, gas and high-performance liquid 
chromatography. 


COLUMN CHROMATOGRAPHY 


A pparatus 

The equipment needed for column chromatography is not elaborate, 
consisting only of cylindrical glass or Teflon tube that has a restricted 
outflow orifice. The dimensions of the tube are not critical and may vary from 
10 to 40 nm in inside diameter and from 100 to 600 mm in length, for a given 
separation, greater efficiency may be obtained with a long narrow column, but 
the resultant flew rate will be lower. A fritted-glass disk may be seated in 
the end of the tube to act as a support for the packing material . The column 
is fitted at the end with a stopcock or other f lew-restriction device in order 
to control the rate of delivery of the eluant. 
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Procedure 

The stationary phase is introduced into the column either as a dry 
powder or as a slurry in the mobile phase. Since a homogeneous bed free of 
void spaces is necessary to achieve maximum separation efficiency, the packing 
material is introduced in small portions and allowed to settle before further 
additions are made. Settling may be accomplished by allowing the mobile phase 
to flew through the bed, by tapping or vibrating the column if a dry powder 
is used, or by compressing each added portion using a tamping rod. The rod can 
be a solid glass, plastic, or metal cylinder whose diameter is sli^itly 
smaller than the column, or it can be a thinner rod onto the end of which has 
been attached a disk of suitable diameter. Ion-exchange resins and exclusion 
polymers are never packed as dry powders since after introduction of the 
mobile phase they will swell and create sufficient pressure to shatter the 
oolumn. When the packing has been completed, the sample is introduced onto the 
top of the column. If the sample is soluble, it is dissolved in a minimum 
amount of the mobile phase, pipetted onto the column and allowed to percolate 
into the top of the bed. If it is not soluble or if the volume of solution is 
too large, it may be mixed with a small amount of the column packing. This 
material is then transferred to the chromatographic tube to form the top of 
the bed. 

The chromatogram is then developed by adding the mobile phase to the 
column in small portions and allowing it to percolate through the packed bed 
either by gravity or under the influence of pressure or vacuum. Development 
of the chromatogram takes place by selective retardation of the components of 
the mixture as a result of their interaction with the stationary phase. In 
column chromatography, the stationary phase may act by adsorption, partition, 
ion exchange, exclusion of the solutes, or a combination of these effects. 

When the development is complete, the components of the sample mixture 
may be detected and isolated by either of two procedures. The entire column 
may be extruded carefully from the tube, and if the compounds are coloured or 
fluorescent under ultraviolet light, the appropriate segments may be cut from 
the oolumn using a razor blade. If the components are colourless, they may be 
visualized by painting or spraying a thin longitudinal section of the surface 
of the chromatogram with colour-developing reagents. The chemical may then be 
separated from the stationary phase by extraction with a strong solvent such 
as methanol and subsequently quantitated by suitable methods. 

In the second procedure, the mobile phase may be allowed to flew through 
the oolumn until the components of the mixture successively appear in the 
effluent. This eluate may be collected in fractions and the mobile phase 
evaporated if desired. The chemicals present in each fraction may then be 
determined by suitale analytical techniques. 

PAPER tmCMATOGRAPHY 

In this type of chromatography, the stationary phase ordinarily consists 
of a sheet of paper of suitable texture and thickness. The paper used is made 
from hic^ily purified cellulose, which has a great affinity for water and other 
polar solvents since it has many hydroxyl functional groups. The tightly bound 
water acts as the stationary phase, and therefore the mechanism that 
predominates is liquid-liquid or partition chromatography. Adsorption of 
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solutes to the cellulose surface may also occur, but this is of lesser 
importance. Papers especially impregnated to permit ion-exchange or reverse- 
phase chromatography are also available. 

apparatus 


The essential equipment for paper chromatography consists of the 
following: 


Vapour-tight chanter . The chamber is constructed preferably of glass, 
stainless steel, or porcelain. It is provided with inlets for the addition of 
solvent or for releasing internal pressure, and it is designed to permit 
observation of the progress of the chromatographic run without being opened. 
Tall glass cylinders are convenient if they are made vapour-tight with 
suitable covers and a sealing compound. 


Supporting rack . The rack serves as a support for the solvent trouts 
and antisiphoning rods. It is constructed of a corrosion-resistant material 
about 5 an shorter than the inside height of the chamber. 

Solvent troughs . The troughs, made of glass, are designed to be longer 
than the width of the chromatographic sheets and to contain a volume of 
solvent greater than that required for one chromatographic run. 


Antisiohonina rods . Constructed of heavy glass, the rods are placed on 
the rack and arranged to run outside of, parallel to, and slightly above the 
edge of the glass trough. 


Chromatographic sheets . Special chromatographic filter paper is cut to 
length approximately equal to the height of the chamber. The sheet is at least 
2.5 cm wide but not wider than the length of the trough. A fine pencil line 
is drawn horizontally across the filter paper at a distance from one end such 
that when the sheet is suspended from the antisiphoning rods with the upper 
end of the paper resting in the trough and the lower partial hanging free into 
the chamber, the line is located a few cm belcw the rods. Care is necessary 
to avoid contaminating the paper by excessive handling or by contact with 
dirty surfaces. 


Procedure for Descending Chronatography 

Separation of substances by descending chromatography is accomplished 
by allowing the mobile phase to flew downward on the chromatographic sheet. 


The substance or substances to be analyzed are dissolved in a suitable 
solvent. Convenient volumes of the resulting solution, normally containing 
1 to 20 pig of the compound, cue placed in 6 to 10 nm spots along the pencil 
line not less than 3 cm apart. If the total volume to be applied would produce 
spots of a diameter greater than 6 to 10 inn, it is applied in separate 
portions to the same spot, each portion being allowed to dry before the next 
is added. 


The spotted chromatographic sheet 
the antisiphoning rod and an additional 
end of the sheet in the solvent trough. 


is suspended in the chanter by use of 
heavy glass rod that holds the upper 
The bottom of the chamber is covered 
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with a mixture containing both phases of the prescribed solvent system. It is 
important to ensure that the portion of the sheet hanging belcw the rods is 
freely suspended in the chamber without touching the rack or the chamber 
walls. The chamber is sealed to allow equilibration (saturation) of the 
chamber and the paper with solvent vapour. Any excess pressure is released 
as necessary. For large chambers equilibration overnight may be necessary. 

A volume of the mobile phase in excess of the volume required for 
complete development of the chromatogram is saturated with the immobile phase. 
After equilibration of the chamber, the prepared mobile solvent is introduced 
into the trough through the inlet. The inlet is closed, and the mobile phase 
is allowed to travel down the papier the desired distance. Precautions must be 
taken against allowing the solvent to run down the sheet when opening the 
chamber and removing the chromatogram. The location of the solvent front is 
quickly marked, and the sheets are dried. 

The chromatogram is observed and measured directly or after suitable 
development to reveal the location of the spots of the isolated components of 
the mixture. 

Procedure for Ascending Chromatogra phy 

In ascending chromatography , the lower edge of the sheet (or strip) is 
dipped into the mobile phase to pjermit the mobile phase to rise on the 
chromatographic sheet. 

The test materials are applied to the chromatographic sheet as directed 
under Procedure for Descending Chromatocnraphv . Enough of both phases of the 
solvent mixture to cover the bottom of the chamber is added. Enpty solvent 
troughs are placed cm the bottom of the chamber, and the chromatographic sheet 
is suspended so that the end near which the spots have been added hangs free 
inside the empty trough. 

The chamber is sealed, and equilibration is allowed to proceed as 
described under Procedure for Descending Chromatography . Then the solvent is 
added through the inlet to the trough in excess of the quantity of solvent 
required for complete moistening of the chromatographic sheet. The chamber is 
resealed. When the solvent front has reached the desired height, the chamber 
is opened and the sheet is removed, the location of the solvent front is 
quickly narked, and the sheet is dried. 

Small cylinders may be used without troughs so that only the mobile 
phase is placed on the bottom. The chromatographic sheet is suspended during 
equilibration with the lcwer end just above the solvent, and chromatography 
is started by lowering the sheet so that it touches the solvent. 

Dete ction of Chroraatographic Bands 

After the chromatogram has been fully developed, the bands corresponding 
to the various solutes may be detected by means similar to those described in 
Column Chromatography - If the corpounds are coloured or fluorescent under 
ultraviolet light, they may be visualized directly. Colourless compounds may 
be detected by spraying the paper with colour-developing reagents. The bands 
corresponding to the individual components can be cut from the paper, and the 
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chemical substances eluted from the cellulose by the use of a strong solvent 
such as methanol. 


Identification of Solutes 


Since the chromatographic mobilities of the solutes may change from run 
to run due to varying experimental conditions, presumptive identification of 
a substance should be based on comparison with a reference standard. The R, 
values of the unknown substance and the standard on the same chromatogram must 
be identical. Alternatively, the ratio between the distances traveled by a 
given compound and a reference substance, the R, value, must be 1.0. 
Identification may also be made by mixing a small amount of the reference 
substance with the unknown and chromatographing. The resulting chromatograph 
should aontain only one spot. Definitve identification of solutes may be 
achieved by eluting them from the paper and subjecting them to IR, NMR, or 
mass spectrometry . 


THIN- LAYER CHROHATOGRAFHY 


In thin-layer chromatography (TLC) , the stationary phase is a uniform 
layer of a finely divided powder that has been ooated on the surface of a 
glass or plastic sheet and that is held in place by a binder. The capacity of 
the system is dependent on the thickness of the layer, which may range from 
0.1 to 2.0 mm. The thinner layers are used primarily for analytical 
separations, while the thicker layers, because of their greater sample- 
handling ability, are useful for preparative work. 


Substances that are used as coatings in TLC include silica gel, alumina 
powdered glass, or cellulose. Separations oocur due to adsorption of the 
solutes from the mobile phase onto the surface of the thin layer. However, 
adsorption of water from the air or solvent components from the mobile phase 
can give rise to partition or liquid-liquid chromatography. Specially coated 
plates are available that permit ion-exchange or reverse-phase separations. 


Apparatus 

Acceptable apparatus and materials for thin-layer chromatography consist 
of the following: 

Glass plates . Flat glass plates of uniform thickness throughout their 
areas. The most cannon sizes are 20 x 20 cm and 5 x 20 an. 


Aligning trav . An aligning tray or other suitable flat surface is used 
to align and hold plates during application of the adsorbent. 

Msorbent. The adsorbent may consist of finely divided adsorbent 
materials for chromatography . It can be applied directly to the glass plate, 
or it can be bonded to the plate by means of plaster of Paris or with starch 
paste. Pretreated chromatographic plates are available commercially. 


Spreader . A suitable spreading device that when moved over the glass 
plate applies a uniform layer of adsorbent of desired thickness over the 
entire surface of the plate. 
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Storage rack . A rack of convenient size to hold the prepared plates 
during drying and transportation. 

Developing chamber . A glass chamber that can accomodate one or more 
plates and can be properly closed and sealed as described under Paper 
Chromatography . It is fitted with a plate-support rack that can support the 
plates when the lid of the chamber is in place. 

An ultraviolet light source suitable for observations with short (254 
run) and long (360 ran) ultraviolet wavelengths may be required. 

Procedure 


Clean the plates scrupulously, as by inmersion in a chromic acid 
cleansing mixture, and rinse them with copious quantities of water until the 
water runs off the plates without leaving any visible water or oily spots, and 
then dry. 

Arrange the plate or plates on the aligning tray, and secure them so 
that they will not slip during the application of the adsorbent. Mix an 
appropriate quantity of adsorbent and liquid, usually water, which when shaken 
for 30 sec gives a smooth slurry that will spread evenly with the aid of a 
spreader. Transfer the slurry to the spreader, and apply the coating at once 
before the binder begins to harden. Move the spreader smoothly over the plates 
frcm one end of the tray to the other. Remove the spreader, and wipe away 
excess slurry. Allow the plates to set for 10 min, and then place them in the 
storage rack and dry at 105" for 30 min or as directed in the monograph. Store 
the finished plates in a desiccator. 

Equilibrate the atmosphere in the chamber as described under procedure 
for Descending Chroma tocrraphv in the section on Paper Chromatography . 

Apply the Sanple Solution and the Standard Solution at points about 1.5 
cm apart and about 2 cm from the lower edge of the plate (the lower edge is 
the first part over which the spreader moves in the application of the 
adsorbent layer), and allow to dry. A template will aid in determining the 
spot points and the 10 to 15 cm distance through which the solvent front 
should move. 

Arrange the plate on the supporting rack (saitple spots on the bottom) , 
and introduce the rack into the developing chamber. The solvent in the chamber 
must be deep enough to reach the lower edge of the adsorbent, but must not 
touch the spot points. Seal the cover in place, and maintain the system until 
the solvent ascends to a point 10 to 15 cm above the initial spots, this 
usually requiring frcm 15 min to 1 h. Remove the plates, and dry them in air. 
Measure and record the distance of each spot from the point of origin. If so 
directed, spray the spots with the reagent specified, observe, and compare the 
sample with the standard chromatogram. 

Detection and Identification 

Detection and identification of solute bands is done by methods 
essentially the same as those described in Paper Chromatography and Column 
Chromatography . However, in TLC an additional method called fluorescence 
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quenching is also used. In this procedure, an inorganic phosphorus is mixed 
with the adsorbent before it is coated on the plate. When the developed 
chromatogram is irradiated with ultraviolet light, the surface of the plate 
fluoresces with a characteristic colour except in those places where 
ultraviolet-adsorbing solutes are situated. These quench the fluorescence and 
are detectable as dark spots. 


Quantitative analysis 


TVo methods are available if quantitation of the solute is necessary. 
In the first, the bands are detected and their position narked. Those areas 
of adsorbent containing the compounds of interest sue scraped from the surface 
of the plate into a centrifuge tube. The chemicals are extracted from the 
adsorbent with the aid of a suitable strong solvent, the suspension is 
centrifuged, and the supernatant layer is subjected to appropriate methods 
of quantitative analysis. 


The second method involves the use of a scanning densitometer. This is 
a spectrophotometric device that directs a beam of monochromatic radiation 
across the surface of the plate. After interaction with the solutes in the 
adsorbent layer, the radiation is detected as transmitted or reflected licflit 
and a recording of light intensity versus distance traveled is produced. The 
concentration of a particular species is proportional to the area under its 
peak and can be determined accurately by comparison with standards. 


GAS CHROMATOGRAPHY 


This type of chromatography differs from the others in that the mobile 
phase is a gas and therefore the solutes must be vaporized in order to allow 
movement through the column. The stationary phases that are used are solids 
(gas-solid chromatography, GSC) or liquids coated as a thin layer on an inert 
solid or on the walls of the column (gas-liquid chromatography , GLC) . 

In gas-solid chromatography , the passage of a solute through the column 
will be retarded by adsorption or exclusion mechanisms. In gas-liquid 
chromatography, the solutes will partition between the gaseous mobile phase 
and the stationary liquid. In either case, if the rate of flew of the mobile 
phase is constant throughout the chromatogram, all solutes will spend the same 
time in the gas phase. Therefore, the efficiency of a separation depends on 
the time spent in the stationary phase, and those solutes that have a greater 
affinity for the stationary phase (larger K or k') will elute later in the 
chromatogram (lower R,) . The value of the k 1 and therefore the success of the 
separation depend on a nuntoer of parameters that are within the control of the 
analyst. These include (1) carrier gas flew rate, (2) column length and 
diameter, (3) particle size of the solid support or adsorbent, (4) the 
particular liquid phase used, (5) the amount of liquid phase relative to the 
amount of solid support, and (6) the tenperature. 


Apparatus 


The essential components of a basic gas chromatograph sire a carrier gas 
supply, a sample injection port, a column, a detector, and a suitable data- 
recording device. The carrier gas supply system consists of a tank of highly 
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compressed inert gas, a pressure regulator to reduce the pressure to operating 
levels, and a flow meter to permit reproducible flc*r rates to be achieved. 
Because of their inertness and availability, the gases most conronly used are 
helium or nitrogen. Ihe regulated carrier gas then flows through an injection 
port into which the analytical samples are introduced. Since the solutes to 
be chromatographed must be vaporized, the injection port is heated to a 
temperature high enough to cause rapid vaporization but not thermal 
degradation. Samples are introduced into the gas stream through a silicone 
rubber septum with the aid of a microliter syringe. Ihe samples may be 
injected into a mixing area within the injection port or, in certain 
instances, directly onto the head of the column. Ihe vaporized sample is 
carried into the column, where it is separated into its various components. 
Ihe column is contained in an oven that is usually maintained at a constant 
temperature suitable to the particular analysis. Where a mixture contains 
solutes of widely diverse volatility, a temperature-programming device may be 
used to vary the oven temperature during the run. When the solutes leave the 
end of the column in the effluent, they enter a detector that produces an 
electrical signal proportional to the mass or concentration of the solute in 
the eluate. In order to prevent condensation of the solutes, the detector is 
heated. Ihe two types of detectors most commonly used are the thermal 
conductivity detector, which detects changes in the thermal conductivity of 
the gas stream as solutes are eluted, and the flame-ionization detector, in 
which the eluting solutes are burned in a hydrogen flame, producing a small 
electrical current. After amplification, the electrical signal is conducted 
to a suitable recording device, which produces the chromatogram as a detector 
response versus time plot. Ihe chromatogram consists of a series of bell- 
shaped curves, each representing a particular solute. Ihe areas under the 
curves are proportional to the concentrations of the solutes. 

Columns 

Gas chromatographic columns consist of tubes of stainless steel, 
aluminum, copper, tin, or glass filled with stationary phase. Glass, tin or 
Teflon-lined metal columns cure used where degradation of sensitive compounds 
might occur on hot metal column walls. Columns of various dimensions may be 
used, but they range usually from 0.6 to 1.8 m in length and from 2 to 4 mm 
in inside diameter. Capillary columns, whose inside diameters may be 0.25 mm 
and whose lengths may be 50 m or more, are sometimes used for separations 
where very high efficiencies are required. 

Solid support materials must be as inert as possible in order to prevent 
interaction of the solutes with active surfaces, resulting in degradation, 
rearrangement, or loss of peak symmetry (tailing) . Ihe most commonly used 
supports are derived from silicates, usually diatcmaoeous earth. Before use 
they are acid-washed, calcined, and treated with a silanizing reagent to 
render surface hydroxyls inactive. They are available in various particle 
sizes from 30- to 120-mesh, with the 80- to 100-mesh and 100- to 120-mesh 
fractions most often used. Porous polymeric materials, which may be coated if 
desired or used as supplied, are available for the separation of low- 
molecular-weight compounds. 

Liquid phases for partition chromatography may be chosen from a large 
variety of ccrpcunds, ranging from the very polar polyethylene glycols to the 
nonpolar methyl silicone gums. Ihe choice of a liquid phase for a particular 
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separation is mainly enpirical, but usually polar phases are used for the 
analysis of mixtures of polar oampounds. 


Before use, a packed column should be conditioned in the chraiatograph 
to reduce the level of extraneous detector signals produced by the bleeding 
of volatile substances from the support and the liquid phase. This can be 
accomplished by heating the column at a tenperature slightly above its 
expected operating temperature while maintaining a lew flaw of carrier gas 
throu^i it. During this process, the column should be disconnected from the 
detector to prevent its contamination. 


Qualitative Analysis 


Since it is impracticable in gas chromatography to measure the R, , 
presumptive identification of a solute should be done by comparing its 
position on the chromatogram with that of a reference standard. The position 
of a solute is characterized by its retention time , the time from injection 
to the peak maximum; its retention volume , the product of retention time and 
carrier gas flew rate; or its retention distance , the distance from injection 
to the peak maximum. Since conditions may vary between determinations, it is 
more appropriate to identify a substance try its relative retention . 


a = (*2 - *b)/(*i ~ *b)* 


where x, is the retention time, volume, or distance of the desired chemical, 
x 1 is that of the reference compound, preferably determined cm the same 
chromatogram, and Xg is the retention of an inert compound 
retarded by the column. 


that is not 


A method of definitive identification is to trap and condense the 
effluent for each peak and subject the condensate to analysis by IR, NMR, mass 
spectrometry, or other suitable methods. 


A measure of the efficiency of the separation of two adjacent peaks is 
given by the dimensionless constant R, the resolution factor, which can be 
calculated by the equation 


R — 2 (tj “ t,)/(w, — v^) , 

where tj and t, are the retention times of the two peaks, and w, and w 2 are the 
baseline widths determined by the intersection of the tangents of the 
inflection points of the peaks with the baseline. A resolution of 1.0 
corresponds to a peak overlap of approximately 2% and is usually considered 
to be adequate for analytical purposes. 


A measure of the efficiency of a column is the number, N, of theoretical 
plates it contains for a given conpound: 

N = 


where t is the retention time of the peak, 
time at the baseline. 


and w b is its width in units of 
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Quantitative Analysis 

In a gas chromatogram, the parameter that is proportional to the 
concentration of any solute is the area under its peak. The determination of 
exact areas requires the use of an automatic electronic integrator or 
computer. For economic reasons, manual methods, based on the approximately 
triangular shape of the peak, are used more frequently. The most common of 
these calculates the area as the product of the peak height times its width 
at half the hei^it. For isothermal systems, where the experimental parameters 
can be rigorously controlled, peak heights may be substituted for areas. 

In order to convert the peak areas to the amount or percentage of the 
solute in the sairple, three diferent methods may be used. 

Area normalitatinn 

This method is based on the assumption that a peak is obtained on the 
chromatogram for each component of the mixture. The areas of all the peaks, 
each corrected by multiplying by its response factor, are added together to 
obtain the total area. Then the percentage of any component is equal to its 
corrected area divided by the total area and multiplied by 100. This method 
is reliable only if all components of the sample give a peak and if the 
various response factors cure known. 

Exte rnal standard 

A series of sanples containing known amounts of the analyte are 
chromatographed under identical conditions. From the data obtained, a standard 
or working curve can be constructed by plotting area versus amount of 
standard. After chromatographing the unknown under the same conditions, the 
area is measured, and by interpolation using the standard curve the amount of 
the unknown in the sample can be determined. This method is highly reliable 
if the volume of sample injected is controlled precisely. 

Internal standard 


In order to correct for errors that might occur when injection volumes 
vary or the chromatographic conditions change slightly from run to run, the 
internal standard method may be used. In this method, another standard, which 
is chemically similar to the unknown component and which elutes separately 
from all other peaks, is added in a constant amount to all standard and test 
solutions of the analyte. After chromatographing, a calibration curve is 
constructed by plotting the area ratios of the standard solutions (area of 
analyte standard per area of internal standard) versus the weight or 
concentration ratios of each standard. The unknown is then chromatographed, 
its area ratio is determined, and the corresponding weight ratio is found by 
interpolation using the calibration curve. Since the amount of internal 
standard is constant and kncwn, the concentration of the unkncwn component can 
be calculated. 
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HEADS PACE -GAS CHRCMATOGRAFHY 


Headspace-gas chromatography (headspaoe-GC) is an analytical technique 
in which the extraction of the sample into the gas phase and its GC analysis 
have been combined. The method can be applied to the analysis of compounds 
with a lew boiling point, which therefore vapourize easily at low 
temperatures. 

Both liquid and solid samples can be analyzed with head-space-GC 
technique. Liquid samples may be analyzed directly; solid samples are either 
dissolved in an appropriate solvent or pulverized and added to a headspace 
vial. After incubation at a specified temperature a gas sanple from the head- 
space vial is injected into the gas chromatograph and a normal GC analysis 
performed. 

There are two different forms of headspace-GC: static and dynamic 
headspaoe-GC. In static headspace-GC the gaseous sample is taken from a sealed 
headspace vial and is injected into the gas chromatograph. In dynamic 
headspaoe-GC the gaseous sanple is forced out of the headspace vial with the 
help of a gas flew from an external source, usually the same gas as that used 
as the carrier gas in the gas chromatograph. 

HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 


Many of the disadvantages of column diranatography, such as low 
efficiency, prolonged analysis time, nonreusable columns, and poor 
quantitative reproducibility, have been resolved by advances in column and 
instrument technology that have given rise to the technique of high 
performance liquid chromatography (HPLC) . 


In this type of analysis, which is also known as high-pressure or high- 
speed liquid chromatography, the mobile phase is a liquid that is pumped at 
moderately high pressures through a narrow-bore column. The stationary phase 
consists of solid particles of very small size and large surface area. In 
theory, the method is exactly analogous to traditional column chromatography; 
however, the use of microparticulate packings and narrow columns give 
separation efficiencies much greater than those of any other chromatographic 
technique. 


Interaction of the solutes with the stationary phases occurs by the same 
mechanisms that apply to traditional liquid chromatography, i.e. , adsorption, 
partition, ion exchange, and exclusion. However, in HPIC the applicability of 
partition chromatography has been extended to a wider range of samples due to 
the development of packing materials that have the liquid phase permanently 
bonded to a solid support, thereby preventing inactivation of the column due 
to stripping of the liquid phase. Reverse-phase partition chromatography, in 
which the bonded material is a long-chain nonpolar substance (e.g. 
octadecylsilyl) , is used extensively because its selectivity for solutes can 
be adjusted over a wide range by varying the polarity of the mobile phase. 
This mode may also be used as a substitute for ion-exchange resins for the 
separation of water-soluble ionic or ionizable substances. Three techniques 
cue available to accomplish this: (1) ion suppression, in which the pH of the 
mobile phase is adjusted to prevent ionization of weak acids and bases; (2) 
ion pairing, in which an ionic reagent (e.g. heprtane-sulfonate) is added to 
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the mobile phase in order to form a less polar ion pair with a charged solute; 
and (3) "soap chromatography", in which the pairing reagent is an ionic 
detergent (e.g. sodium lauryl sulfate) . 

Apparatus 

The basic components of a liquid chromatograph are a solvent delivery 
system, a sample injection device, a column, a detector, and a suitable dat a- 
reco rding device. 

The solvent delivery system consists of one or more pumps capable of 
delivering a pulseless flew of mobile phase at pressures ranging from 6,81 
to 340,23 atm. In the isocratic mode, where a mobile phase of constant 
conposition is used throughout the run, a single punp and solvent reservoir 
cue required. For the separation of mixtures where the k' values vary over a 
wide range, grad ient-elution analysis may be used. In this method, two pimps, 
each delivering a separate conponent of the mobile phase to a mixing chanter, 
are used. By varying the rate of delivery from each punp throughout the 
analysis, a solvent mixture of constantly changing conposition will be 
delivered to the column. 

Injection of the sample into the chromatograph may be done by means of 
a syringe or by using a rotary valve injector. Syringe injection is done 
through a rubber septum as in gas chromatography or since diffusion of the 
sample in the mobile phase is negligible in HPLC, the flow may be stepped 
and a cap removed from the head of the column so that the sample may be 
directly deposited on the stationary phase. The cap is then replaced and the 
flow restarted. In the rotary valve injector, the sample is loaded into a 
calibrated loop of tubing by syringe or suction while the mobile phase is 
diverted so that it flows only through the column. When the injection valve 
is rotated, the mobile phase then flows through the calibrated tube and 
deposits the sample on the column. 

The columns usually used for analytical separations have internal 
diameters ranging from 2 to 4 mm and lengths from 25 to 100 cm. The longer, 
narrower columns (2.1 mm x 100 cm) are packed with pellicular stationary phase 
material that has particle sizes ranging from 37 to 50 imt. Ttotally porous 
microparticulate packings, which are available in 5, 10, and 20 urn sizes, are 
used in the shorter columns (4 mm x 25 cm) . Satisfactory columns containing 
the larger particles (>30 /m) can be obtained by dry packing, using vibration 
or tapping to settle the bed after each addition of stationary phase. However, 
due to the static charge on the smaller particles, which causes them to clump 
together, dry packing is not feasible. Instead columns are filled using the 
balanced density slurry technique, in which the stationary phase material is 
suspended in a solvent mixture that has the same density as the solid. The 
slurry is then forced into the column under pressure. Microparticulate 
packings can give efficiencies of up to 40,000 plates per m, while 500 to 
1,000 plates per m can be expected from columns packed with pellicular phases. 

The types of detectors most frequently used in HPLC are 
spectrophotometr ic , fluorometric, and re f ractometr ic detectors. The 
spectrophotcretric detectors are fixed- or variable-wave-length photometers 
that operate in the ultraviolet and visible portions of the spectrum. The most 
commonly enployed detectors of this type are those that use the mercury line 
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at 254 nm sis their source of radiation, since solutes containing benzene id 
functions absorb strongly at this wavelength. In order to prevent remixing of 
separated solutes, the volume of the detector cell is very small, usually 
8 pi. Detectors of this type are sensitive to as little as 1 ng of a strong 
ultraviolet absorber. 


Fluorcmetric detectors are extremely sensitive to small quantities 
(< 1 ng) of naturally fluorescing corrpounds. They may also be used for the 
detection of ruanf luoresoent conpounds after reaction with suitable 
fluorimetric reagents either prior to chromatography or after separation on 
the column. 


In the case of chemicals that neither absorb effectively in the 
ultraviolet or visible regions nor fluoresce, the differential refractometer 
may be used. This instrument, which detects differences between the refractive 
index of the pure mobile phase and of the mobile phase, containing the 
solutes, is less sensitive than the other detectors but responds to a wider 
range of chemicals. However, since refractive index varies significantly with 
temperature, drift is a problem and the detector must be thermostated. 
Moreover, it is not useful for gradient-elution chromatography. 

Qualitat ive 


The signals delivered by HPLC detectors to the data -record ing devices 
produce a chromatogram that is a plot of detector response versus time or 
distance, as in gas chromatography. Therefore the methods used for identifying 
and quantitating the various solutes in the sanple are the same as those 
discussed under Gas Qircmatographv . 
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SPECTROPHOTOMETRY AND SPECTROSCOPY 


Definitions 


Absorption spectrophotometry 

Is the measurement of the selective absorption by atoms, molecules or 
ions of electromagnetic radiations having a definite and narrow wavelength 
range, approximating monochromatic light. 

Absorption spectrophotometry encompasses the following wavelength 
regions: ultraviolet (185 nm to 380 nm) , visible (380 nm to 780 nm) , near- 
infrared (780 nm to 3,000 nm) , and infrared (2,500 nm to 40 /on) . 

Colorimetry 

Has been commonly accepted as the measurement of "filtered" light in the 
visible region; however, it is more prudent to restrict its use to those 
applications where human perception of colour is involved, i.e., the visible 
region. 

Atomic absorption spectroscopy 

Is the measurement of the radiation absorbed by the unexcited atoms of 
the chemical substance that has been aspirated into a flame or, in the absence 
of a flame, directly into the path of radiation. 

Flame emission spectroscopy ( flame photometry) 

Is the measurement of the intensity of radiation emitted from 
electronically excited atoms or molecular species. The excitation is brought 
about by aspirating a solution of the sample into a hot flame. 

Fluorescence spectrophotometry 

Or "fluorcmetry", is the measurement of light emitted from a chemical 
substance while it is being exposed to electromagnetic radiation. The maximum 
intensity of the emitted fluorescence is usually at a wavelength longer (i.e. , 
of lcwer energy) than the exciting radiation. 

T urbidimetrv and nephelometrv 

Are two light-scattering techniques that involve the measurement of 
light scattered due to its passage through a transparent medium containing a 
suspended particulate phase. As a result of this scattering, an attenuation 
or decrease in intensity is suffered by the beam along its axis of travel. 
Turtoidimetry involves the measurement of the degree of attenuation of the 
light beam by particles suspended in a medium, the measurement being made in 
the axis of the transmitted beam. Nephelametry involves the measurement of the 
light scattered by the suspended particles, the measurement being made at 
right angles to the incident beam. 
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Is the energy of radiation per sec that reaches certain areas of a 
detector. Incident radiant power is usually given the symbol P 0 . Alternate 
terminology is radiation intensity with symbols I and I 0 . 


Absorbance ., A = .lpg 10 _i%/.Pl 

Is the logarithm to the base 10 of the quotient of the incident radiant 
pcwer upon a specimen divided by the radiant power transmitted by the 
specimen. Former terms were optical density "D", absorbancy, and extinction. 

. . 1* 

Specific absorbance. A , - A/bc x 10 

Is the quotient of the absorbance. A, divided by the product of the 
adsorption pathlength, b, in cm, and the concentration, c, of the specimen, 
expressed in g per 100 ml. In general the specific absorbance of a substance 
is a constant and is independent of the intensity of the incident radiation, 
path length and concentration. Previously designated by the symbol 
K 

^ on 


Transmittance, T = (P/P : ) 

Is the quotient of the radiant power transmitted by a specimen divided 
by the incident power upon the specimen. Transmittance is often expressed as 
a percentage and is related to the absorbance by the equation Log, 0 T = A, or 
A = 2 - Log, 0 %T. Other terms are transmission and transmittancy. 


Absorptivity, a = A/bc 


Is the quotient of the absorbance, A, divided by the product of the 
absorption pathlength, b, in cm, and the concentration, c, of the specimen, 
expressed in g per 1,000 ml. In general, the absorptivity of a substance is 
a constant and is independent of the intensity of the incident radiation, 
pathlength, and concentration. 


Molar absorptivity, e 


Is the quotient of the absorbance. A, divided by the product of the 
absorption pathlength, in cm, and the specimen concentration, expressed in 
moles per L. Former terms were molar absorbancy index, molar extinction 
coefficient and molar absorption coefficient. 

Absorption spectrum 


Is a graphic representation of the absorbance of a specimen or any of 
its functions, e.g. , transmittance, as the ordinate and the wavelength of the 
incident radiation as the abscissa. 
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Fluorescence intensity. I 

Is a descriptive term for the fluorescence activity of a substance and 
is commonly expressed in units related to the detector response. An alternate 
term is fluorescence pcwer, with the symbol F. 

Fluorescence excitation spectrum 

Is a graphic representation of the incident (activating) 
radiation intensity as the ordinate and its wavelength as the abscissa. 

Fluorescence emission spectrum 

Is a graphic representation of the radiation intensity emitted by an 
activated species for a specific excitation wavelength as the ordinate and its 
wavelength as the abscissa. 

Turbidance 


Is the light-scattering effect of the suspended particles in a turbid 
medium. 

Turbidity 

Is a measure of the attenuation in the incident beam power per unit 
length of a turbid medium. The former term is turbidity coefficient. 

Theory and Formulas for Calculations 

When electromagnetic radiation travels through a medium containing 
atoms, molecules, or ions of a chemical substance, radiation at certain 
frequencies may be partially or totally removed in a process called 
"absorption". As a result of this absorption, these species are activated from 
their lowest energy state (ground state) to higher energy states (excited 
states) . For absorption to occur, the energy of the exciting radiation mist 
match the quantized energy difference between the ground state and one of the 
excited states of the specimen. In atomic absorption, excitation occurs only 
through electronic transition. Visible and ultraviolet radiation can excite 
only the outermost or bonding electrons to a higher energy level. Inner- 
shell electrons are excited only by X-ray radiation (less than 1 nm) . 

In the case of polyatomic molecules, vibrational and rotational 
transitions can occur in addition to electronic excitation, and as a result 
the molecular spectrum consists of closely spaced absorption bands instead of 
the sharp lines generally observed in the atomic absorption spectrum. Pure 
vibrational transitions can be achieved by infrared radiation in the range of 
1 to 15 fan, while changes in rotational levels are detectable in the region 
from 10 to 100 pm. 

The decrease in the radiant power of a monochromatic beam of light has 
been found to be proportional to both the distance the radiation traveled 
through the absorbing medium and the concentration of the absorbing species 
encountered in that medium. This decrease in energy can be described 
quantitatively by the Beer-Lambert law: 


Copyrighted material 



30 


I °9io< p </ p > = ^,o(VT) 


A = abc. 


Therefore if the absorptivity and the cell thickness are kept constant 
during a specific determination, a plot of the absorbance as the ordinate 
versus concentration as the abscissa should yield a linear relationship. The 
practiced application of the Beer- Lambert law, however, necessitates the use 
of a reference standard solution of known concentration in order to cccpare 
its absorbance with that of the sample solution of unknown concentration. If 
absorption measurements are conducted in two matching cells having the same 
pathlengths, the absorptivity, a, and the cell thickness, b, will be the same. 
Therefore the following general formula can be used for the calculation of the 
unknown concentration of the sample solution, 


q, = c s (VV < 

where C u = the concentration of the sample solution 

C s - the known concentration of the standard solution 
A^ = the absorbance of the sanple solution 
and Aj = the absorbance of the standard solution. 


The Beer-Lambert law is usually satisfactory, provided a thorough 
understanding of its limitations is taken into consideration. Sane of these 
are of such a fundamental nature that they constitute a real limitation of the 
law; they are due to the fact that the law does not take into consideration 
the effects of temperature, wavelength, or solute-solvent and solute-solute 
interactions, e.g. , association, dissociation, chemical reaction, etc. Due to 
these limitations, the law usually applies only to dilute solutions, where 
these interactions are insignificant. Another limitation to the Beer-Lambert 
law is due to the inability of most instruments to provide monochromatic 
radiation. 


Fluorescence can be observed in a number of gaseous, liquid, or solid 
substances. However, it is only applied analytically to a relatively small 
number of organic cctipcunds. Fluorescence occurs when a molecule absorbs 
sufficient radiation at a certain wavelength to promote it to an excited 
singlet state with higher levels of energy. The gained energy is released as 
radiation or "fluorescence" of wavelengths longer than the incident radiation. 
In most cases, in order for fluorescence to occur the electronic transition 
involved is a jr -» w* system. To a lesser extent, >r ■* n and w -* a* transitions 
occur. There is a delay between the absorption and emission of radiation of 
about 10'’ sec. This short delay period distinguishes fluorescence from 
phosphorescence, which has a delay period of about 10’ 3 sec and is due to 
release of weaker radiations from an excited triplet state and not a singlet 
state as is true of fluorescence. The effect of concentration on the 
fluorescence intensity can be described by a slightly modified version of the 
Beer-Lambert law. A linear relationship exists between the fluorescence 
intensity, I, of the solution and the concentration of the emitting species: 


I = 2.3K x ebcP, 


0 # 


where K is a constant dependent upon the quantum efficiency of the 
fluorescence process and instrumental parameters. At constant P D , a simple 
relationship as in the Beer-Lambert law can be obtained; I = Re. Thus a plot 
of the fluorescence intensity of a solution as the ordinate versus 
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concentration of the emitting species as the abscissa should be linear at lew 
concentrations . 

When li^it passes through a transparent medium containing a suspended 
particulate phase, scattering occurs in all directions, and as a result the 
beam loses power along its axis of travel. For dilute suspensions and under 
fixed conditions (particles, shape, size, refractive index, wavelength of 
radiation) , the loss in radiation intensity can be related to the number of 
particles (or concentration, c) by an equation similar to the Beer-lambert 
law. 


Hag, 0 (PyP) = kbc. 

where t = kc/2.303. Therefore, in turbidimetric analysis a plot is constructed 
with standard solutions with Log^JPg/P) as the ordinate and c as the abscissa 
(P 0 is determined by using the solvent as reference) . In nephelometric 
analysis, the radiation intensity scattered at right angles to the incident 
beam is plotted as the ordinate versus concentration as the abscissa. 

Apparatus 

The fundamental principles of optics and electronics that are used in 
manufacturing spectrophotometers are common to all regions of the spectrum 
from the vacuum ultraviolet to the far-infrared. However, due to important 
differences in detail, spectrophotometers are cannercially available for use 
in the visible; in the visible and ultraviolet; in the visible, ultraviolet, 
and near-infrared; and in the infrared regions of the spectrum. In selecting 
the type of spectrophotometer to be employed, several factors have to be 
considered, including the nature of the specimen to be analyzed, the degree 
of accuracy required, sensitivity, and selectivity. The essential parts of all 
spectrophotometers include a stable soiree of radiant energy; a device that 
permits the selection of a defined wavelength region such as a prism or 
grating monochromator : a slit for limiting the suitable bandwidth; a 
transparent container for sample and solvent; a radiation detector; and an 
indicator that may be a meter, a recorder, a digital counter, a printer, or 
a computer. Radiation sources commonly eitployed cure hydrogen or deuterium 
lamps for the ultraviolet region, tungsten lamps for the visible, and a Nemst 
glower, a globar, or an incandescent wire for the infrared. CMartz or fused- 
silica cells or cuvettes cam be used in the ultraviolet, visible, or near- 
infrared regions. For infrared spectrophotometry, cells or plates made of 
sodium chloride are usually used. The radiation detector of ultraviolet and 
visible radiation is usually a photomultiplier tube with associated 
amplifiers. 

TWo types of spectrophotometers cure available: a single-beam 
spectrophotometer, which adapts well to quantitative analysis that involves 
single-wavelength measurements, and a dcuble-beam spectrophotometer, which is 
particularly useful for qualitative analysis and where continuous monitoring 
of absorbance is required. Some spectrophotometers cure manually operated, 
while others sure equipped for automatic and continuous recordings. 
Spectrophotometers employing the latest technology can be interfaced to a 
digital computer through an analog -digital converter for the direct 
determination of difference spectra of analytes as well as for the storage of 
reference spectra. Fourier transformed infrared spectrophotometry is different 
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from the regular dispersion type in that it ecploys an interferometric 
technique, whereby polychromatic radiations pass through the specimen to a 
detector on an intensity and frequency basis. In order to process such 
complicated spectral data, interfacing with a digital computer is a 
requirement. 

Instruments for atomic absorption measurements have the same basic 
components as other spectrophotometers except for the radiation source and the 
sample container. The most common radiation source is the hollcw-cathode lanp, 
the cathode of which is usually made of the element to be analyzed. The sanple 
is aspirated as a fine mist into a flame that is produced by an optimized 
mixture of air and acetylene or other suitable gases. The flame thus serves 
a function similar to that of the sanple oell in ordinary absorption 
spectrophotometry . Fhotomultiplier tubes are used as detectors, with the 
electronics designed to accept the modulated radiation source output, thereby 
negating the continuous signal from the flame. Therefore only changes in the 
signal from the hollcw-cathode lanp are monitored by the detector. These 
changes cure proportional to the number of atoms in the analyte. Both single- 
and double-beam atomic absorption spectrophotometers are available. 

The apparatus for fluorescence intensity measurement is either a 
fluorometer, which employs filters to restrict the bandwidth of both the 
excitation and emission beams, or a spectrofluorometer, where prism or grating 
monochromators are used to limit either the excitation beam, the emission 
beam, or both. Sinoe the spectrofluorometer requires a more intense radiation 
source than the spectrophotometers, either a mercury lanp with its strong 
discrete lines or a xenon lamp with its energy continuum from the ultraviolet 
to the infrared is used. Cells for fluorometric measurement are constructed 
of glass of silica, and the oell compartment is designed to allcw a minimum 
of scattered light to reach the photomultiplier. To minimize scattering 
interferences, the detector is placed at right angles to the incident 
excitation beam. 

For turbidimetric measurements, a conventional photometer with a 
tungsten source is usually enployed. However, it is preferable to make the 
measurements in the blue region of a mercury arc. For nephelometric 
measurements, standard fluorometers are commonly used. 

Procedures 

Instruction manuals supplied by manufacturers should always be consulted 
for such matters as care, calibration, handling techniques, and operating 
procedures. Calibration of both the wavelength and the photometric scales 
should be conducted at fixed intervals. For wavelength calibration in the 
ultraviolet and visible regions, a quartz -mercury arc and a holmium oxide 
glass filter are the most common standards enployed. For the near-infrared and 
infrared regions, a polystyrene film may be used. The photometric scale can 
be checked by a number of standard inorganic glass filters or by standard 
solutions of kncwn transmittance. 

In absorption spectrophotometry, comparisons of the sanple and reference 
standard are best made at or within ± 1 nm of the wavelength at which maximum 
absorbance occurs. If matched cells are unavailable, both cells are filled 
with the selected solvent and any difference in absorbance should be corrected 
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instrumentally or mathematically. The solvent should be transparent in the 
spectral range of interest. Water, lcwer alcohols, chloroform, aliphatic 
hydrocarbons, and many other organic solvents can be used as solvents for 
ultraviolet and visible measurements . For best results, the concentration of 
the sample solution should produce an absorbance in the range of about 0.2 to 
0.7. For the infrared region, however, few solvents are suitable for sample 
preparation. 

The solvent used in infrared spectrophotometry must not affect the 
material, usually sodium chloride, of which the cell is made. No solvent in 
appreciable thickness is completely transparent throughout the infrared 
spectrum. Carbon tetrachloride R is practically transparent (up to 1 mn in 
thickness) from 4,000 to 1,700 cm’ 1 (2.5 to 6 /an) . Chloroform R, 
d ichlorcmethane R, and dibromcmethane R are other useful solvents. Carbon 
disulfide IR (up to 1 min in thickness) is suitable as a solvent to 250 on’ 1 
(40 /an), except in the 2,400-2,000 cm’ (4. 2-5.0 /on) and the 1,800-1,300 an’ 1 
(5. 5-7. 5 /on) regions, where it has strong absorption. Its weak absorption in 
the 875-845 cm" (11,4-11,8 /on) region should also be noted. Other solvents 
have relatively narrow regions of transparency (carbon disulfide, chloroform, 
and carbon tetrachloride are the most frequently used) . In some cases, the 
sample can be dispersed in mineral oil to form a mull, which is transferred 
to the salt plates. In most cases, however, the sample is dispersed in dried 
potassium bromide and the mixture is compressed into a tablet or pellet. The 
proportion of substance to the halide should be about 1 to 200. The amount 
taken should be such that the weight of substance per area of the disc is 
about 5-15 /ig per im^, varying with the molecular weight and to scire degree 
with the type of apparatus used. However, the concentration of the substance 
should be such that the strongest peak attributable to the substance reaches 
to between 5% and 25% transmittance. Although the infrared region extends from 
2 to 40 /an, for purposes of ascertaining compliance with a reference spectrum, 
the range from 2.5 to 15 /an (3,800 to 650 cm’ 1 ) is usually satisfactory. 

For atomic absorption measurements, the solvent should not seriously 
interfere with the absorption or emission processes or with the production of 
neutral atoms. Also, both the analyte solution and the standard solution 
should be as much alike as possible, especially with respect to concentration, 
viscosity, and surface tension. 

In fluorescence spectrophotometry , test solutions are usually very 
dilute (10’ 3 to 10’ 7 M) in order to minimize the "inner filter" effect caused 
by significant absorption of incident radiation by the sample near the cell 
surface. Other undesirable effects of highly concentrated solutions in 
fluorometry are the "self-quenching" and "self-absorption" phenomena that 
cause significant deviation from linearity. Test solutions used in fluorometry 
should also be free from any dust and solid particles, as they cause 
interference in the measurement. In some cases, before any measurement it is 
advisable to remove dissolved oxygen from the test solutions, due to its 
quenching effect. Temperature control is usually needed for extremely 
sensitive determinations, and baseline correction may be critical. 

In turbidimetric and nephelometric measurements, it is important to 
minimize the settling of the suspended particles. This is generally achieved 
through the addition of protective colloids. 
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When visual colour and turbidity comparisons are made, matched oolour- 
camparison tubes that are of the same internal diameter must be used. The 
solutions to be compared should be at the same temperature (preferably rocm 
temperature) . For colour comparisons, the tubes are usually held vertically 
and illuminated from below. Viewing is done fron above along the axis of the 
tube, against a white background. If the colours to be ootpared are too dark 
to be viewed downward through the depth of the solutions, they may be viewed 
horizontally across the diameter of the tubes, with the aid of a light source 
directed from the back of the tubes. If two layers are present, the designated 
layer must be viewed horizontally across the diameter of the tube. 


For visual turbidity comparisons, the tubes should be viewed 
horizontally across the diameter of the tubes, with the aid of a light source 
directed at a right angle against the sides of the tubes. 


When conducting limit tests involving the comparison of colour or 
turbidities, suitable detection instruments may be used in place of the 
unaided eye. 


applications 


Ultraviolet ard visible spectra provide only limited information about 
the chemical structure of a substance. However, because of the sensitivity of 
these techniques and the high degree of precision ard accuracy in their 
measurements, they are enployed extensively in assays and other quantitative 
determinations. Near- infrared and infrared spectra, on the other hand, are 
unique for a given chemical compound, except for optical isomers, which have 
identical spectra in solution. Ftolymorphism and other factors, such as 
variations in crystal size and orientation, the grinding procedure, and the 
possible formation of hydrates may, however, be responsible for a difference 
in the infrared spectrum of a given compound in the solid state. The infrared 
spectrum is usually not greatly affected by the presence of small quantities 
of impurities (up to several percent) in the tested substance. For 
identification purposes the spectrum may be ootpared with that of a reference 
substance, concomitantly prepared or with a standard reference spectrum. 
Specificity makes the infrared spectrum one of the most valuable tools for 
structure elucidation and positive identification of complex organic 
molecules. Correlation charts and reference spectra of thousands of chemicals 
are readily available. The sensitivity of infrared analysis, however, is poor 
(about 1/100 to 1/1,000 of ultraviolet), and therefore it has only a very 
limited application in quantitative analysis. 


Atomic absorption is the technique of choice for the quantitative 
determination of most of the cannon elements, even those in complex matrices. 
Although interferences may occur in the determination of some elements due to 
chemical interaction between different atoms in the flame (e.g. , cation- 
anion interference) , they can usually be circumvented by preliminary treatment 
(e.g. , addition of a oonplexing agent) or by the optimization of the 
instrumentation parameters (e.g., increasing the temperature of the flame to 
decrease anion-cation attraction) . 


Fluorescence spectrophotometry has the most inherent sensitivity of all 
the absorption and light-scattering techniques. Concentrations as lew as 10' 7 
M can be quantitatively determined with high precision and accuracy. 
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Fluorescence, however, is not as widespread as the other techniques because 
of the limited number of organic compounds in which fluorescence can be 
induced. 

Light -scattering techniques, including turbidimetry and nephelonetry, 
are very useful in the determination of weight-average molecular weights in 
dispersed colloidal systems. Several cannon ions can be determined using these 
techniques after their precipitation with suitable reagents. Generally, 
turbidimetry is adquate for the analysis of heavy suspensions where excessive 
scattering occurs. Nephelcrretry, on the other hand, is more suitable for the 
analysis of cloudy liquids where the attenuation of the radiant power is 
minimal. 
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I. METHODS TOR EVALUATING APPEARANCE 
AND PHYSICAL PROPERTIES 

BOILING POINT AND DISTILLATION RANGE 

The following method employs 100 ml of sanple. In cases where it is 
necessary or would be desirable to use a smaller sanple, the method of 
McCullough et al. [J. Chera. Ed. 47, 57 (1970)], which enploys only 50 fil of 
sanple, my be used. 

Definitions 

Distillation range 

The difference between the temperature observed at the start of a 
distillation and that observed at which a specified volume has distilled, or 
at which the dry point is reached. 

Initial boilina point 

The temperature indicated by the distillation thermometer at the instant 
the first drop of condensate leaves the end of the condenser tube. 

Dry point 

The temperature indicated at the instant the last drop of liquid 
evaporates from the lowest point in the distillation flask, disregarding any 
liquid on the side of the flask. 

Apparatus 

Distillation flask 

A 200-ml round -bottomed distillation flask of heat-resistant glass is 
preferred when sufficient sample (in excess of 100 ml) is available for the 
test. If a sample of less than 100 ml must be used, a smaller flask having the 
capacity of at least double the volume of the liquid taken my be employed. 
The 200-ml flask has a total length of 17.9 on, and the inside diameter of the 
neck is 2.1 an. Attached about midway in the neck, approximately 12 an from 
the bottom of the flask, is a side arm 12.7 on long and 5 mm in internal 
diameter, which is inclined downward at an angle of 75“ from the vertical. 

Condenser 


Use a straight glass condenser of heat-resistant tubing, 56 to 60 an 
long and equipped with a water jacket so that about 40 cm of the tubing is in 
contact with the cooling medium. The lcwer end of the condenser my be bent 
to provide a delivery tube or it my be connected to a bent adapter which 
serves as the delivery tube. 

Note : All-glass apparatus with standard-taper ground joints my be used 
alternatively if the assembly employed provides results equal to those 
obtained with the flask and condenser described above. 
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Receiver 


The receiver is a 100-ml cylinder which is graduated in 1-ml sub- 
divisions and calibrated "to contain". It is used for measuring the sample as 
well as for receiving the distillate. 

Thermometer 


An accurately standardized part ial - inmers ion thermcmsther having the 
smallest practical sub-divisions (not greater than 0.2*) is recommended in 
order to avoid the necessity for an emergent-stem correction. Suitable 
thermometers are available such as the ASTM Series 37C through 41C, and 102C 
through 107C, or as the MCA types R-l through R-4, or equivalent. 

Source of heat 

A Bunsen burner is the preferred source of heat. An electric heater my 
be used, however, if it is shewn to give results comparable to those obtained 
with the gas burner. 

Shield 


The entire burner and flask assembly should be protected from external 
air currents. Any efficient shield my be employed for this purpose. 


Flask support 


An asbestos board, 6. 5 mm in thickness and having a 10 cm circular hole, 
is placed on a suitable ring or platform support and fitted loosely inside the 
shield to ensure that hot gases from the source of heat do not cone in contact 
with the sides of neck of the flask. A second 6.5 nm asbestos board, at least 
225 square cm and provided with a 30 nm circular hole, is placed on top of the 
first board. This board is used to hold the 200 ml distillation flask which 
should be fitted firmly on the board so that direct heat is applied to the 
flask only through the opening in the board. 


Procedure 


Note : This procedure is to be used for liquids which distil above 50* 
in which case the sanple can be measured and received, and the condenser water 
used, at room temperature (20-30‘) . For materials boiling below 50 ‘ , cool the 
liquid to below 10” before sanpling, receive the distillate in a water bath 
cooled to below 10” and use water cooled to below 10' in the condenser. 


Measure 100 ± 0.5 ml of the liquid in the 100-ml graduated cylinder and 
transfer the sanple together with an efficient antiburrping device to the 
distilling flask. Do not use a funnel in the transfer, or allow any of the 
sairple to enter the side arm of the flask. Place the flask on the asbestos 
boards which are supported on a ring or platform, and place in position the 
shield for the flask and burner. Connect the flask and condenser, place the 
graduated cylinder under the outlet of the condenser tube and insert the 
thermometer. The thermometer should be located in the centre of the neck end 


so that the top of the bulb (when present, auxiliary bulb) is just below the 
bottom of the cutlet to the side arm. Regulate the heating so that the first 
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drop of liquid is collected within 5 to 10 min. Read the thermometer at the 
instant the first drop of distillate falls from the end of the condenser tube 
and record as the initial boiling point. Continue the distillation at the rate 
of 4 or 5 ml of distillate per min, noting the tenperature as soon as the last 
drop of liquid evaporates from the bottom of the flask (dry point) or when the 
specified percentage has distilled over. Correct the observed tenperature 
readings for any variation in the barometric pressure from the normal (760 mm) 
by allowing 0.1* for each 2.7 nm of variation, adding the correction if the 
pressure is lower, or substracting if higher than 760 nm. When a total 
immersion thermometer is used correct for the tenperature of the emergent- 
stem by the formula 0.00015 x N(T - t) , in which N represents the number of 
degrees of emergent-stem from the bottom of the stopper, I the observed 
tenperature of distillation, and t the tenperature registered by an auxiliary 
thermometer the bulb of which is placed midway of the emergent-stem, adding 
the correction to the observed readings of the main thermometer. 

Alternatively, the following simplified correction formula may be 
applied: 

t = t 0 - k (760 - b) 

in which t 0 = boiling point at 760 nm; 

b = observed pressure in nm of mercury; 

and k = correction factor for each 1-nm difference with normal 
pressure. 

The factor k depends on the substance under study; it is given in 
handbooks and varies between 0.033 and 0.057. 
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OODDUR 

(Platimia-Oobalt Hazen Scale) 


apparatus 

Comparison tubes 

Matched 100 ml tail-form Nessler tubes, provided with ground-on 
optically clear, glass caps. Tubes should be selected so that the height of 
100 ml graduation mark is 275-295 inn above the bottom of the tube. 

Colour comparator 

A corporator constructed to permit visual comparison of light 
transmitted through tail-form Nessler tubes in the direction of their 
longitudinal axes. The comparator should be constructed so that white light 
is passed through or reflected off a white glass plate and directed with equal 
intensity through the tubes from the side. 

Reference standards 


Use Platinum-cobalt TSC to prepare colour standards in accordance with 
the table below, by diluting the required volumes to 100 ml with water in the 
Nessler tubes. Cap the tubes and seal the caps with a water proofing agent 
such as shellac or a water-proof cement. 


Platinum-Cobalt Colour Standards fHazen) 


Colour Standard No. 

TSC Pt-Co 
solution 
(ml) 

Colour Standard No. 

TSC Pt-Co 
solution 
(ml) 

5 

1 

70 

14 

10 

2 

100 

20 

15 

3 

150 

30 

20 

4 

200 

40 

25 

5 

250 

50 

30 

6 

300 

60 

35 

7 

350 

70 

40 

8 

400 

80 

50 

10 

450 

90 

60 

12 

500 

100 


Procedure 


Introduce 100 ml of sanple into a Nessler tube, passing the sanple 
through a filter if it has any visible turbidity. Cap the tube, plaoe in the 
comparator, and compare with standards. 
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Report 


Report as the colour the No. of the standard that most nearly matches 
the sample. In the event that the colour lies midway between two standards, 
report the darker of the two. 

If, cwing to differences in hue between the sample and the standards, 
a definite match cannot be obtained, report the range over which an apparent 
match is obtained and report the sample as "off-hue". 
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MELTING RAMS 


Before determining the melting range of a substance, the sanple should 
be dried under the conditions specified for Loss on Drying in the individual 
monograph. If a temperature is not specified in the monograph, the sanple 
should be dried for 24 h in a desiccator. 


Transfer a quantity of the dried powder to a dry capillary-tube about 
10 an long and sealed at one end (thickness of the wall, 0.10-0.15 mm; 
internal diameter 0. 9-1.1 mm) and pack the pettier by tapping the tube on a 
hard surface so as to form a tightly-packed column 2-4 ran in height. 


Attach the capillary-tube and its contents to a standard thermometer so 
that the closed end is at the level of the middle of the bulb, and heat in a 
suitable apparatus containing an appropriate liquid (liquid paraffin or 
silicone oil) and fitted with a stirring device and an auxiliary thermometer. 
Regulate the rise in tenperature during the first period to 3' per min. When 
the tenperature has risen to 5’ belcw the lowest figure of the range for the 
substance being tested, heat more slowly: if no other directions are given, 
the rate of rise in tenperature should be l'-2‘ per min. 


Unless otherwise directed, read the tenperature at which the substance 
is observed to form droplets against the side of the tube and the tenperature 
at which it is ccnpletely melted, as indicated by the formation of a 
definitive meniscus. 


To the tenperature readings, 
determined as follows: 


apply the emergent-stem correction 


Before starting the determination of the melting range, adjust the 
auxiliary thermometer so that the bulb touches the standard thermometer at a 
point midway between the graduation for the expected melting range and the 
surface of the heating material. When the substance has melted, read the 
tenperature on the auxiliary thermometer, calculate the correction to be added 
to the tenperature reading of the standard thermometer from the following 
formula: 

0.00015 N(T - t) 


where T is the tenperature reading of the standard thermometer; 
t is the tenperature reading of the auxiliary thermometer; 

N is the number of degrees of the scale of the standard thermometer 
between the surface of the heating material and the level of the 
mercury. 


The statement "melting range, a°-b°" means that the corrected 
tenperature at which the material is observed to form droplets must be at 
least a°, and that the material must be ccnpletely melted at the corrected 


tenperature b . 
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pH DETERMINATION 


Fotentiometric Method 

The pH of an aqueous solution may be determined accurately by 
potenticmetry using a pH meter. 

Hie practical definition of pH in water may be given by the equation: 
pH = pH 0 + [(E - E°)/0.0591], 

where pH is the value for the solution being measured, pH° is the value for 
a standard buffer, E is the potential value for the solution being measured, 
H? is the potential value for the standard buffer, and 0.0591 is the value at 
25" of the Nemstian constant. The equation does not apply to solvents other 
than water, or to mixed solvents that include water. Hcwever, the pH meter 
gives reproducible readings in other solvent systems, on the basis of 
calibration with aqueous buffers, and while the pH readings lack thermodynamic 
significance they are useful in setting specifications. 

The measurement of pH using a pH meter is a matter of canparing the 
meter reading of an unknown solution with the meter readings of standard 
buffers whose pH values are accurately known'. Routine measurement uses only 
one buffer and an approximation of the electrode slope, usually made by a 
tenperature compensator, pH measurement accurate to ± 0.05 pH unit or better 
requires the use of two buffers that bracket, if possible, the expected pH 
range. All samples and buffer should be at the same tenperature. 

The choice and care of glass and reference electrodes must be carefully 
considered. Ihe ordinary glass electrode begins to be sensitive to alkali 
meteil cations at pH values above about 9, leading to the so-called cdkaline 
error. Electrodes with a greatly reduced alkaline error should be used for 
readings in the alkaline range. Store the electrodes in distilled water when 
not in use, in order to avoid dehydration. "Flow-type" electrodes may be used 
if evidence of validity of pH measurement with the electrode is demonstrated. 

The measurement of the pH of "highly buffered solutions" (distilled 
water or solutions of nonionic organic ocnpounds in distilled water) is a 
particularly difficult measurement. The addition of 0.3 ml of a saturated 
solution of potassium chloride per 100 ml of distilled water helps by 
providing a small amount of electrolyte. However, it will usually be necessary 
to protect the solution being measured from the carbon dioxide in air by use 
of a blanket of nitrogen during the measurement. Measure the pH of successive 
portions of the distilled water or test solutions, with vigorous agitation, 
until the observed results for two successive portions agree within 0.1 pH 
unit. 


For description of standard buffers, see the Merck Index, 11th ed. page 
MISC-113, 1989. 
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Procedure 


Use a suitable pH meter and follow the manufacturer's instructions. Each 
time the electrodes are used, rinse them with distilled or deionized water and 
carefully blot than dry with clean absorbent tissue. Form a fresh reference 
electrode liquid junction. Rinse the sample vessel three times with each new 
solution to be introduced. 

Choose two standard buffers 1 to bracket, if possible, the anticipated 
pH of the unknown. Warm or cool these standards as necessary to match within 
2* the temperature of the unknown, and initially set the temperature 
compensator to that temperature. Immerse the electrodes in a portion of the 
first standard buffer, and following the manufacturer's instructions adjust 
the appropriate standardization control (knob, switch, or button) until the 
pH reading is that of the buffer. Repeat this procedure with fresh portions 
of the first standard buffer until two successive readings sure within ± 0.02 
pH unit without an adjustment of the standardization control. 

Rinse the electrodes, blot dry, and immerse them in a portion of the 
second standard buffer of lcwer pH. Do not change the setting of the 
standardization control. Following the manufacturer's instructions, adjust the 
slope control (thumbwheel switch, knob, or temperature compensator) until the 
exact buffer pH is displayed. 


Repeat the sequence of standardization with both buffers until the pH 
readings are within ± 0.02 pH unit for both buffers without any adjustment of 
either control 2 . The pH of the unknown solution may then be measured 3 . 


Always restandardize the instrument after even a short period during 
which the amplifier is turned off. 


References 

Food Chemicals Codex, Third Edition (1981) , National Academy Press, 531-2. 


EC Directive 81/712/EEEC, July 1981. 


t 


2 

3 


For description of standard buffers, see the Merck Index, 11th ed. page 
MISC-113, 1989. 


The amount of sample to be used in sample preparation is given where 
applicable in the individual specification. 

The difference between the results of two pH determinations when carried 
out simultaneously on in rapid succession by the same analyst, under the 
same conditions, should not exceed 0.05 pH unit. 
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REFRACTIVE INDEX 

Hie refractive index of a transparent substance is the ratio of the 
velocity of light in air to its velocity in that material under like 
conditions. It is equal to the ratio of the sine of the angle of incidence 
made by a ray in air to the sine of the angle of refraction made by the ray 
in the material being tested. Hie refractive index values specified are for 
the D line of sodium (589 nm) unless otherwise specified. Hie determination 
should be made at the temperature specified in the individual monograph, or 
at 25* if no temperature is specified. Hi is physical constant is used as a 
means for identification of, and detection of inpurities in, volatile oils and 
other liquid substances. Hie Abbe refractaneter, or other refractaneters of 
equal or greater aocuracy, may be employed at the discretion of the operator. 
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aOLIDIFICRTON POINT 


8q gpe 


This method is designed to determined the solidification point of food 
grade chemicals having appreciable heats of fusion. It is applicable to 
chemicals having solidification points between -20* and +150* . 

Solidification point is an enpirical constant defined as the tenperature 
at which the liquid phase of a substance is in approximate equilibrium with 
a relatively small portion of the solid phase. It is measured by noting the 
maximum tenperature reached during a controlled cooling cycle after the 
appearance of a solid phase. 

Solidification point is distinguished from freezing point in that the 
latter term applies to the temperature of equilibrium between the solid and 
liquid state of pure compounds. Seme chemical oonpounds have two temperatures 
at which there may be a tenperature equilibrium between solid and liquid state 
depending upon the crystal form of the solid that is present. 


apparatus 

The apparatus is illustrated on the following page and consists of the 
components described in the following paragraphs. 


S ample container 


Use a standard glass 25 x 150 m test-tube with lip, fitted with a cork 
stopper bored to hold the thermometer in place and to allow stirring with 
stirrer. 


Thermometer 

A thermomether having a range not exceeding 30* graduated in 0.1* 
divisions, and calibrated for 76 ran immersion, should be employed. A 
satisfactory series of thermometers, covering a range from -20* to +150* is 
available as ASTM-EI 89C through 960. A thermometer should be so chosen that 
the solidification point is not obscured by the cork stopper of the sanple 
container. 


Stirrer 


The stirrer consists of a 1 in diameter (B & S gauge 18) corrosion- 
resistant wire bent in a series of 3 loops about 25 mn apart. It should be 
made so that it will move freely in the space between the thermometer and the 
inner wall of the sanple container. The shaft of the stirrer should be of a 
convenient length designed to pass loosely through a hole in the cork holding 
the thermometer. Stirring may be hand-operated or mechanically activated at 
20 to 30 strokes per min. 
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Stirrer 



Length of 
stirrer 
(as required) 


m approx. 

/ 

o — » 

I 3 loops 
, approx. 50 mm 

-i 


Apparatus for Determining Solidification Point 


Air jacket 

Use a standard glass 38 x 200 mm test-tube with lip, fitted with a cork 
stopper bored with a hole into which the sample container can easily be 
inserted up to the lip. 

Cooling bath 

Use a 2-L beaker or similar suitable container as a cooling bath. Fill 
it with an appropriate cooling medium such as glycerine, mineral oil, water, 
water and ice or alcohol -dry ice. 

Assembly 

Assemble the apparatus in such a way that the cooling bath can be heated 
or cooled to control the desired temperature ranges. Clanp the air jacket so 
that it is held rigidly just below the lip and immerse it in the cooling bath 
to a depth of 160 mm. 
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Preparation of Sanple 


The solidification point is usually determined on chemicals as they are 
received. Seme may be hygroscopic, however, and require special drying. Where 
this is necessary it will be noted in the monograph. Products which are 
normally solid at room tenperature must be carefuly melted at a temperature 
about 10* above the expected solidification point. Care should be observed to 
avoid heating in such a way as to decompose or distil any portion of the 
sanple. 


Procedure 


Adjust the tenperature of the cooling bath to about 5* belcw the 
expected solidification point. Fit the thermometer and stirrer with a cork 
stepper so that the thermometer is centred and the bulb is about 20 mm from 
the bottom of the sanple container. Transfer a sufficient amount of the 
sample, previously melted if necessary, into the sanple container to fill it 
to a depth of about 90 mm when in molten state. Place the thermometer and 
stirrer in the sanple container and adjust the thermometer so that the 
irrmersion line will be at the surface of the liquid and the end of the bulb 
20 ± 4 ntn from the bottom of the sanple container. When the tenperature of the 
sanple is about 5* above the expected solidification point, place the 
assembled sanple tube in the air jacket. 


Allow the sanple to cool while stirring at the rate of 20 to 30 strokes 
per min, in such a manner that the stirrer does not touch the thermometer. 
Stir the sanple continuously during the remainder of the test. 


The temperature at first will gradually fall, then become constant as 
crystallization starts and continues under equilibrium conditions, and finally 
will start to drop again. Some chemicals may supercool si ightly below (0.5*) 
the solidification point; as cnrystallizaticn begins the tenperature will rise 
and remain constant as equilibrium exmditions are established. Other products 
may cool more than 0.5* and cause deviation from the normal pattern of 
tenperature changes. If the tenperature rise exceeds 0.5* after the initial 
crystallization begins, repeat the test and seed the melted compound with 
small crystals of the sample at 0.5* intervals as the tenperature approaches 
the expected solidification point. Crystals for seeding may be obtained by 
freezing a small sanple in a test-tube directly in the cooling bath. It is 
preferable that seeds of the stable phase be used from a previous 
determination . 


Observe and record the tenperature readings at regular intervals until 
the tenperature rises from a minimum, due to supercooling, to a maximum and 
then finally drops. The maximum temperature reading is the solidification 
point. Readings 10 sec apart should be taken in order to establish that the 
temperature is at the maximum level and continues until the drop in 
temperature is established. 
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SPECIFIC GRAVITY 

Specific gravity is defined as the ratio of the mass of the sample to 
the mass of an equal volume of the standard material. Ihe specific gravity 
(d>) means the ratio of the weight of the sample at t 1 ' to that of an equal 
volume of water at t" . Unless otherwise specified, specific gravity means 
dgj. Specific gravity is determined by one of the following methods, unless 
otherwise specified. 

Measurement by Pycnometer 

A pycnometer is a vessel made of glass with a capacity of usually 10 to 
100 ml. It has a ground, glass stopper fitted with a thermometer, and has a 
side tube with a mark and a ground glass cap. Weigh a pycnometer previously 
cleaned and dried, and note the weight W. Remove the stopper and the cap, fill 
the pycnometer with a sample, keep at the tenperature of about 1” to 3' lower 
than that specified, and stopper, taking care not to leave bubbles. Raise the 
temperature gradually until the thermometer shews the specified temperature. 
Remove the sanple above the mark from the side tube, replace the cap, and wipe 
the outside thoroughly. Weigh, and note the weight W, . Using the same 
pycnometer, perform the similar determination with water. Weight the 
pycnometer containing water at the specified temperature, and note the weight 
Wj. Calculate the specific gravity of the sanple by the following formula. 

W, - W 

d * 

w 2 - w 

Measurement by Mohr-Westphai Balance 

Keep the balance horizontal, attach the glass tube in which a 
thermometer is enclosed by a wire onto the end of the arm. Immerse the glass 
tube in water in a cylinder, place the largest rider on the arm at the mark 
10, and adjust the balance by moving the nut at the specified tenperature. 

After that, immerse the glass tube in the sanple, adjust the balance by 
hanging riders on the arm, and read the specific gravity at the marks at which 
riders are placed. It is necessary to make the length of the part of wire 
which is immersed in a sanple equal to that immersed in water by changing the 
height of the sanple in the cylinder. 

Measurement by Hydrometer 

Use a hydrometer with a necessary precision intended for use at the 
specified tenperature. 

Clean the hydrometer with alcohol. Shake the sanple well, and place in 
the hydrometer after bubbles have disappeared. At the specified tenperature, 
when the hydrometer has settled, read the specific gravity at the upper brim 
of the meniscus. In case of any hydrometer, however, for which special 
directions are given, follow the directions. 
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HaasurenientJbv . gpreagel-Ostwald pycnometer 


A Sprengel-Ostwald pycnometer (see figure) is a vessel made of glass 
with a capacity of usually 1 to 10 ml. As shown in the figure, both the ends 
are thick-walled fine tubes one of which has a mark on it. A platinum or an 
aluminium wire is attached to hang on the arm of a chemical balance. 



Sprengel-Ostwald Pycnaneter 

Weigh the pycnaneter, previously cleaned and dried (W) . Lnoerse the 
curved tube in the saitple kept at a tenperature 3* to 5* lower than the 
specified tenperature, attach a rubber tube at the end of the straight tube, 
and suck the sanple gently until it acmes up above the mark, talcing care to 
prevent formation of bubbles. Immerse the pycnaneter in a water bath kept at 
the specified tenperature for about 15 min, and by attaching a piece of filter 
paper at the end of the curved tube, adjust the end of the saitple to the mark. 
Remove the pycnaneter from the water bath, and wipe the outside well. Weigh 
and note the weight W, . By using the same pycnaneter, perform the same 
determination with water. Weigh the pycnaneter containing water at the 
specified tenperature, and note the weight W. Calculate the specific gravity 
by the follcving formula: 


W. - W 


Wj - W 
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SPECIFIC ROTHTCM 

Optical rotation of chemicals is generally expressed in degrees, as 
either "angular rotation" (observed) or "specific rotation" (calculated with 
reference to the specific concentration of 1 g of solute in 1 ml of solution, 
measured under stated conditions) . 

Specific rotation usually is expressed by the term [a]5, in which t 
represents, in degrees centigrade, the taiperature at which the rotation is 
determined, and x represents the characteristic spectral line or wavelength 
of the light used. Spectral lines most frequently employed are the D line of 
sodium (doublet at 589.0 and 589.6 nm and the yellcw-green line of mercury at 
546.1 nm) . The specific gravity and the rotatory power vary appreciably with 
the taiperature. 

The accuracy and precision of optical rotatory measurements will be 
increased if they are carried out with due regard for the following general 
considerations . 

Ihe source of illumination should be supplemented by a filtering system 
capable of transmitting li^it of a sufficiently monochromatic nature. 
Precision polar imeters generally are designed to aoccmodate interchangeable 
disks to isolate the D line from sodium light or the 546.1 nm line from the 
mercury spectrum, with polar imeters not thus designed, cells containing 
suitably coloured liquids may be oiployed as filters [see "Technique of 
Organic Chemistry", A. Weissberger. Vol. I, Part II, 3rd ed. (1960), 
Interscience Publishers, Inc., New York, N.Y.J. 

Special attention should be paid to taiperature control of the solution 
and of the polar ime ter. Observations should be accurate and reproducible to 
the extent that differences between replicates, or between observed and true 
values of rotation (the latter value having been established by calibration 
of the polar ime ter scale with suitable standards) , calculated in terms of 
either specific rotation or angular rotation, whichever is appropriate, shall 
not exceed one-fourth of the range given in the individual monograph for the 
rotation of the article being tested. Generally, a polar imeter accurate to 
0.05* of angular rotation, and capable of being read with the same precision, 
suffices. In some cases, a polar imeter accurate to 0.01* or less, of angular 
rotation, and read with oanparable precision, may be required. 

Polar imeter tubes should be filled in such a way as to avoid creating 
or leaving air bubbles which interfere with the passage of the beam of light. 
Interference from bubbles is minimized with tubes in which the bore is 
expanded at one end. However, with tubes of uniform bore, such as semimicro- 
or micro-tubes, care is required for proper filling. At the time of filling, 
the tubes and the liquid or solution should be at a taiperature not higher 
than that specified for the determination, to guard against the formation of 
a bubble upon cooling and contraction of the contents. 

In closing tubes having removable end-plates fitted with gaskets and 
caps, the latter should be tightened only enough to ensure a leak-proof seal 
between the end -plate and the body of the tube. Excessive pressure on the end- 
plate may set up strains that result in interference with the measurements. 
In determining the specific rotation of a substance of low rotatory power, it 
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is desirable to loosen the caps and tighten them again between successive 
readings in the measurement of both the rotation and the zero-point. 
Differences arising from end-plate strain thus generally will be revealed and 
appropriate adjustments to eliminate the cause may be made. 

Procedure 

In the case of a solid, dissolve the substance in a suitable solvent, 
reserving a separate portion of the latter for a blank determination. Make at 
least five readings of the rotation of the solution, or of the substance 
itself if liquid, at 25* or the temperature specified in the individual 
monograph. Replace the solution with the reserved portion of the solvent (or, 
in the case of a liquid, use the empty tube) , make the same number of 
readings, and use the average as the blank value. Subtract the blank value 
fran the average observed rotation if the two figures are of the same sign, 
or add if opposite in sign, to obtain the corrected angular rotation. 

Calculation 

Calculate the specific rotation of a liquid substance, or of a solid in 
solution, by application of one of the following formulas: 

(I) For liquid substances, (a]' = (a/ld) ; 

(II) For solutions of solids, [a] 1 = (lOOa/lpd) = (lOOa/lc) ; 

in which a = the corrected angular rotation, in degrees, at temperature 
t; 

1 = the length of the polar ureter tube in decimeters; 
d = the specific gravity of the liquid or solution at the 
temperature of observation; 

p = the concentration of the solution expressed as the number 
of g of substance in 100 g of solution; 
and c = the concentration of the solution expressed as the number 
of g of substance in 100 ml of solution. 

The concentrations p and c should be calculated on the dried or 
anhydrous basis, unless otherwise specified. 
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II. METHODS FOR DETERMINING INORGANIC COMPONENTS 
ACID-INSOLUBLE MATTER 

Transfer 2 g of the sample, accurately weighed, into a 250-ml beaker 
containing 150 ml of water and 1.5 ml of concentrated sulfuric acid. Cover the 
beaker with a watch glass and heat the mixture on a steam bath for 6 h rubbing 
down the wall of the beaker frequently with a rubber-tipped stirring rod and 
replacing any water lost by evaporation. Weigh 500 mg of a suitable filter 
aid, p re-dried at 105" for 1 h, to the nearest 0.1 mg, add this to the sample 
solution and filter through a fared Gooch crucible provided with an asbestos 
pad. Wash the residue several times with hot water, dry the crucible and its 
contents at 105* for 3 h, cool in a desiccator and weigh. The difference 
between the total weight and the weight of the filter aid plus crucible and 
pad is the weight of the Acid- insoluble matter. Calculate as percentage. 


ASH 


ASH (Total ) 

Unless otherwise directed, weigh accurately about 3 g of the sample in 
a fared crucible, ignite at a low temperature (about 550") , not to exceed a 
very dull redness, until free from carbon, cool in a desiccator, and weigh. 
If a carbon- free ash is not obtained, wet the charred mass with hot water, 
collect the insoluble residue on an ashless filter paper, and ignite the 
residue and filter paper until the ash is white or nearly so. Finally, add the 
filtrate, evaporate it to dryness, and heat the whole to a dull redness. If 
a carbon- free ash is still not obtained, cool the crucible, add 15 ml of 
ethanol , break up the ash with a glass rod, then bum off the ethanol, again 
heat the whole to dull redness, cool in a desiccator, and weigh. 

( Note : If difficulty with oxidizing organic material is found, the use 
of an ash aid such as ammonium nitrate may prove to be more satisfactory than 
dissolving the residue and filtering prior to further ashing.) 

ASH (Acid- i n soluble ) 

Boil the ash obtained as directed under Ash (Total) above, with 25 ml 
of dilute hydrochloric acid TS for 5 min, collect the insoluble matter on a 
suitable ashless filter, wash with hot water, ignite at 800’ ±25’, cool, and 
weigh. Calculate the percentage of acid- insoluble ash from the weight of the 
sample taken. 

ASH (Sul fated ash) 

Method I ( for solids ) 

Transfer the quantity of the sample directed in the individual monograph 
to a tared 50 to 100 ml platinum dish or other suitable container, and add 
sufficient diluted sulfuric acid TS to moisten the entire sanple. Heat gently, 
using a hot plate, an Argand burner, or an infrared heat lanp, until the 
sanple is dry and thoroughly charred, then continue heating until all of the 
sample has been volatilized or nearly all of the carbon has been oxidized, and 
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oool. Moisten the residue with 0.5 ml of concentrated sulfuric acid, and heat 
in the same manner until the remainder of the sanple and any excess sulfuric 
acid hcive been volatilized. Finally ignite in a truffle furnace at 800" + 25* 
for 15 min or longer, if necessary, to ccnplete ignition, cool in a 
desiccator, and weigh. 


( Note : In order to promote volatilization of sulfuric acid, it is 
advisable to add a few pieces of anmonium carbonate just before completing 
ignition. ) 


Metho d ii lfgr_Ugui.a s ) 

Unless otherwise directed, transfer the required weight of the sanple 
to a suitable tared container, add 10 ml of diluted sulfuric acid TS, and mix 
thoroughly. Evaporate the sanple ocnpletely by heating gently without boiling, 
and cool. Finally, ignite in a muffle furnace at 800" + 25" for 15 min or 
longer, oool in a desiccator, and weigh. 


CHLORIDES LIMIT TEST 


Unless otherwise specified, place the prescribed quantity of the sanple 
in a Nessler tube, dissolve it in about 30 ml of water, and neutralize with 
dilute nitric acid TS if the solution is alkaline. Add 6 ml of dilute nitric 


acid TS and dilute to 50 ml with water. If the use of a sanple solution is 
prescribed, transfer the sanple solution into a Nessler tube and dilute to 
50 ml with water. Transfer the prescribed volume of 0.01 Ii hydrochloric acid 
into another Nessler tube to serve as the standard, add 6 ml of dilute nitric 
acid TS, and dilute to 50 ml with water. 


If the solution containing the sanple is not clear, filter both 
solutions under the same conditions. Add 1 ml of silver nitrate TS to each 
solution, mix thoroughly, and allow to stand for 5 min protected from direct 
sunlight. Compare the turbidity of the two solutions by observing the Nessler 
tubes from the sides and the tops against a black background. The turbidity 
of the sanple solution does not exceed that of the standard. 


FLUORIDE LIMIT TEST 1 


METHOD I 

Thorium Nitrate Colorimetric Method 

This method should be used unless otherwise directed in the individual 
monograph. 


Caution : When applying this test to organic compounds, the temperature 
at which the distillation is conducted must be rigidly controlled at all times 
to the recommended range of 135' to 140' to avoid the possibility of 
explosion. 


Food Chemicals Codex, 3rd Edition, National Academy Press (1981). 
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Note : To minimize the distillation blank resulting frcm fluoride leached 
from the glassware, the distillation apparatus should be treated as follows: 

Treat the glassware with hot 10% sodium hydroxide solution, followed by 
flushing with tap water and rinsing with distilled water. At least once daily, 
treat in addition by boiling down 15 to 20 ml of dilute sulfuric acid (1 in 
2) until the still is filled with fumes; cool, pour off the acid, treat again 
with 10% sodium hydroxide solution, and rinse thoroughly . For further details, 
see sections 25.050 and 25.054 in Official Methods of Analysis of the AQAC, 
Thirteenth Edition, 1980. 

Unless otherwise directed, place a 5.0 g sample and 30 ml of water in 
a 125 ml distillation flask having a side arm and trap. The flask is connected 
with a condenser and carries a thermometer and a capillary tube, both of which 
must extend into the liquid. Slowly add, with continuous stirring, 10 ml of 
perchloric acid, and then add 2 or 3 drops of silver nitrate solution (1 in 
2) and a few glass beads. Connect a small dropping funnel or a steam generator 
to the capillary tube. Support the flask on an asbestos mat with a hole that 
exposes about one third of the flask to the flame. Distil until the 
teitperature reaches 135 ’ . Add water frctn the funnel or introduce steam through 
the capillary, maintaining the temperature between 135“ and 140“ at all times. 
Continue the distillation until 100 ml of distillate has been collected. After 
the 100 ml portion (Distillate A) is collected, collect an additional 50 ml 
portion of distillate (Distillate B) to ensure that all of the fluorine has 
been volatilized. 

Place 50 ml of Distillate A in a 50 ml Nessler tube. In another similar 
Nessler tube place 50 ml of water distilled through the apparatus as a 
control. Add to each tube 0.1 ml of a filtered solution of sodium 
alizar insulfonate (1 in 1,000) and 1 ml of freshly prepared hydroxylamine 
hydrochloride solution (1 in 4,000), and mix well. Add, dropwise and with 
stirring, either 1 N or 0.05 N sodium hydroxide, depending upon the expected 
volume of volatile and distilling over, to the tube containing the distillate 
until its colour just matches that of the control, which is faintly pink. Then 
add to each tube 1.0 ml of 0.1 N hydrochloric acid, and mix well. Frcm a 
buret, graduated in 0.05 ml, add slcwly to the tube containing the distillate 
enough thorium nitrate solution (1 in 4,000) so that, after mixing, the colour 
of the liquid just changes to a faint pink. Note the volume of the solution 
added, then add exactly the same volume to the control, and mix. New add to 
the control solution sodium fluoride TS (10 jig F per ml) from a buret to make 
the oolours of the two tubes match after dilution to the same volume. Mix 
well, and allcw all air bubbles to escape before making the final colour 
comparison. Check the endpoint by adding 1 or 2 drops of sodium fluoride TS 
to the oontrol . A distinct change in colour should take plaoe. Note the volume 
of sodium fluoride TS added. 

Dilute Distillate B to 100 ml, and mix well. Plaoe 50 ml of this 
solution in a 50 ml Nessler tube, and follow the procedure used for Distillate 
A. The total volume of sodium fluoride TS required for the solutions from both 
Distillate A and Distillate B should not exceed 2.5 ml. 
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METHOD II 


Ion-Selective Electrode Method A 

Buffer Solution : Dissolve 36 g of cyclohexylenedinitrilo-tetra-acetic 
acid (CDIA) in sufficient 1 M sodium hydroxide to make 200 ml. Transfer 20 ml 
of this solution (equivalent to 4 g of disodium CDIA) into a 1,000 ml beaker 
containing 500 ml of water, 57 ml of glacial aoetic acid, and 58 g of sodium 
chloride, and stir to dissolve. Adjust the pH of the solution to between 5.0 
cirri 5.5 by the addition of 5 M sodium hydroxide, then cool to rocm 
temperature, dilute to 1,000 ml with water, arid mix. 

Procedure : Unless otherwise directed in the individual monograph, place 
an 8.0 g sauple and 20 ml of water in a 250 ml distilling flask, cautiously 
add 20 ml of perchloric acid, and then add 2 or 3 drops of silver nitrate 
solution (1 in 2) and a few glass beads. Following the directions, cirri 
observing the Caution and Note, as given under Method I, distil the solution 
until 200 ml of distillate has been collected. 


Transfer a 25.0-ml aliquot of the distillate into a 250-ml plastic 
beaker, and dilute to 100 ml with the Buffer Solution. Place the fluoride ion 
and reference electrodes (or a combination fluoride electrode) of a suitable 
ion-selective electrode apparatus (such as the Orion Model 407) in the 
solution, cirri adjust the calibration oontrol until the indicator needle points 
to the centre of the logarithmic concentration scale, allowing sufficient time 
for equilibration (about 20 min) and stirring constantly during the 
equilibration period and throughout the remainder of the procedure. Pipet 
1.0 ml of a solution containing 100 pg of fluoride ion (F) per ml (prepared 
by dissolving 22.2 mg of sodium fluoride, previously dried at 200' for 4 h, 
in sufficient water to make 100.0 ml) into the beaker, allcw the electrode to 
come to equilibrium, and record the final reading on the logarithmic 
concentration scale. ( Note : Follow the instrument manufacturer's instructions 
regarding precautions and interferences, electrode filling arid check, 
tenperature compensation, and calibration.) 


Calculation : Calculate the fluoride content, in mg/kg of the sample 
taken by the formula 


[IA/(R - I)] x 100 x [200/25W] 

in which I is the initial scale reading before the addition of the sodium 
fluoride solution; A is the concentration, in fig per ml, of fluoride in the 
sodium fluoride solution added to the sample solution; R is the final scale 
reading, after addition of the sodium fluoride solution; and W is the original 
weight of the sample in g. 


METH3Q III 


Ion-Selective Electrode Method B 


Sodium Fluoride Solution (5 /ig F per ml): Transfer 2.210 g of sodium 
fluoride, previously dried at 110* for 2 h cirri accurately weighed, into a 
400 ml plastic beaker, add 200 ml of water, and stir until dissolved. 
Quantitatively transfer this solution into a 1,000 ml volumetric flask with 
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the aid of water, dilute to volume with water, and mix. Store this stock 
solution in a plastic bottle. On the day of use, transfer 5,0 ml of the stock 
solution into a 1,000 ml volumetric flask, dilute to volume with water, and 
mix. 


Calibration Curve : Transfer into separate 250 ml plastic beakers 1.0, 
2.0, 3.0, 5.0, 10.0, and 15.0 ml of the Sodium Fluoride Solution, add 50 ml 
of water, 5 ml of 1 N hydrochloric acid, 10 ml of 1 M sodium citrate, and 
10 ml of 0.2 H disodium EDTA to each beaker, and mix. Transfer each solution 
into a 100 ml volumetric flask, dilute to volume with water, and mix. Transfer 
a 50 ml portion of each solution into a 125-ml plastic beaker, and measure the 
potential of each solution with a suitable ion-selective electrode apparatus 
(such as the Orion Model No. 94-09, with solid-state membrane), using a 
suitable reference electrode (such as Orion Model No. 90-01, with single 
junction) . Plot the calibration curve on two-cycle semilogarithmic paper (such 
as K & E No. 465130) , with pg F per 100 ml solution on the logarithmic scale. 

Procedure : Transfer 1.00 g of the sample into a 150-ml glass beaker, add 
10 ml of water, and while stirring continuously, add 20 ml of 1 N hydrochloric 
acid slowly to dissolve the sample. Boil rapidly for 1 min, then transfer into 
a 250-ml plastic beaker, and cool rapidly in ice water. Add 15 ml of 1 M 
sodium citrate and 10 ml of 0.2 M disodium EDTA, and mix. Adjust the pH to 5.5 
±0.1 with 1 N hydrochloric acid or 1 M sodium hydroxide, if necessary, then 
transfer into a 100-ml volumetric flask, dilute to volume with water, and mix. 
Transfer a 50-ml portion of this solution into a 125-ml plastic beaker and 
measure the potential of the solution with the apparatus described under 
Calibration Curve. Determine the fluoride content, in pg, of the sample from 
the Calibration Curve. 

METHOD XV 

Ion-Selective Electrode Method C 

Buffer Solution A : Add 2 volumes of 6 N acetic acid to 1 volume of 
water, and adjust the pH to 5.0 with 50% potassium hydroxide solution. 

Buffer Solution B : Dissolve 150 g of sodium citrate dihydrate and 10.3 g 
of disodium EDTA dihydrate in 800 ml of water, adjust the pH to 8.0 with 50% 
sodium hydroxide solution, and dilute to 1,000 ml with water. 

Buffer Solution C : Dissolve 36 g of cyclohexylenedinitrilo-tetra-acetic 
acid (COTA) in sufficient 1 N sodium hydroxide to make 200 ml by boiling, then 
cool, and filter through glass-fiber filter paper. Pipet 30 ml of this 
solution into a mixture consisting of 750 ml of water, 87 g of sodium 
chloride, and 85.5 ml of glacial acetic acid. Adjust the pH to between 5.0 and 
5.5 by the addition of 50% sodium hydroxide solution, then cool, and dilute 
to 3,000 ml with water. 

Fluoride Standard Solution : Use a solution containing 100 ng of fluoride 
ion (F) per ml (100 mg/kg) , obtained commercially or prepared by dissolved 
22.2 mg of sodium fluoride, previously dried at 200“ for 4 h in sufficient 
water to make 100.0 ml. 
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Sample Preparation : Weicfi accurately the amount of sanple specified in 
the monograph, transfer it into a 100-ml volumetric flask, aril dissolve it in 
a minimum amount of water or in the volume of hydrochloric acid solution 
specified in the monograph. Add 50.0 ml of the appropriate buffer solution, 
A, B, or C, as specified in the monograph, dilute to volume with water and 
mix. 


Procedure : Pipet a 50-ml aliquot of the Sample Preparation into a 
plastic beaker, and place in the solution the fluoride ion and reference 
electrodes (or a combination fluoride electrode) of a suitable ion-selective 
electrode apparatus with magnetic stirrer (Orion Model 407 or equivalent) . 
Begin stirring slowly, and set the slope of the meter to 100% and the 
temperature control to room temperature, which should be the temperature of 
the solution. Adjust the calibration control to read infinity on the increment 
logarithmic scale, and allow the instrument to equilibrate. 


Note : The ion-selective electrode responds much more slowly than does 
a pH electrode, and a stable reading may not be obtained until 2 or 3 min. The 
reading should not change for 30 to 60 s. 


Add the volume, accurately measured, of Fluoride Standard Solution 
specified in the monograph, allow the electrode to equilibrate with continued 
stirring, and take the final reading on the increment logarithmic scale, 
recording the value obtained as S. Perform a blank determination using 50 ml 
of the same buffer solution as used for the sample under analysis, and record 
the value obtained as B. 


Calculation : Determine the value of A by the formula (V x C)/50, in 
which V is the volume of Fluoride Standard Solution added, in ml; C is the 
exact concentration of the Fluoride Standard Solution, in mg/kg; and 50 is the 
volume in ml of Sample Preparation used. Calculate the concentration, in 
mg/kg, of fluoride (F) in sample by the formula, 


( (S xA) - B] X (100/W) 


in which W is the weight of the sample taken, in g. 


LOSS ON DRYING 


( Note . Suitable precautionary steps should be taken when weighing 
hygroscopic or deliquescent samples to ensure that they do not absorb 
moisture.) 


Unless otherwise directed in the individual monograph, conduct the 
determination on 1 to 2 g of the substance, previously well mixed and 
accurately weighed. Reduce the sample to a fine powder when it occurs as 
crystals. Tare a glass -stoppered , shallow weighing bottle that has been dried 
for 30 min under the same conditions as will be employed in the determination. 
Transfer the sample into the bottle, replace the cover, and weigh the bottle 
and the sample. Distribute the sample as evenly as practicable to a depth of 
about 5 mm, and not over 10 mm in the case of bulky materials. Place the 
bottle with its contents in the drying chamber, removing the stopper and 
leaving it also in the chamber, and dry the sample at the temperature and for 
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the time specified in the monograph. Upon opening the chamber, close the 
bottle promptly and allow it to come to roam temperature in a desiccator 
before weighing. 

If the substance melts at a lower temperature than that specified for 
the determination of Loss on Drying, prepare the sample as described above, 
then place it in a vacuum desiccator containing sulfuric acid. Evacuate the 
desiccator to 130 Pa (1 mm of mercury) , maintain this vacuum for 24 h, and 
then weigh the dried sanple. 


LOSS ON IGNITION 

Proceed as directed for Loss on Drying. However, unless otherwise 
directed, ignite the sanple at the temperature of 450' to 550' and use a 
platinum, quartz or porcelain dish instead of the weighing bottle. 


METALLIC IMPURITIES 

All the procedures for trace metals commence with dissolution of the 
sanple and, if applicable, with destruction of organic matter in the sanple. 
The trace metal content may then be determined by instrumental or chemical 
methods. 

Atonic spectroscopy combines speed with accuracy and is widely used when 
large numbers of samples have to be analyzed. 

Chemical methods depend on the formation of specific coloured carpcunds 
by the metal inpurities. The colour intensities of sanple and standards cure 
then compared visually or by using a spectrophotometer. 


INSTRUMENTAL METOODS (TENTATIVE) 

The methods described in this section are to be seen as exanples of 
instrumental methods which may be employed in the quantitative analysis of 
certain metallic inpurities in food additives. Other generally recognized 
methods may also be used. 

Method I is applicable to substances soluble in dilute acids or mixtures 
of acids. Method II is used for other substances. The choice of method for the 
pretreatment of a substance can also follow that given in the individual 
monograph for the Heavy Metals Limit Test. 

Principle 

The samples are dissolved in acid or digested in a mixture of sulfuric, 
nitric and, in same cases perchloric acids. The barium, cadmium, lead, copper, 
chromium, and zinc in solution are determined by conventional flame atomic 
absorption spectroscopy. Antimony and arsenic are determined by using a 
hydride generation technique. Alternatively, antimony may be determined by 
flame atomic absorption but the hydride generation technique is more 
sensitive. 
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General precautions 


Because of the minute amounts of metals involved special care must be 
taken to reduce the reagent blanks to as low a value as possible and to avoid 
contamination during the test. All apparatus should be thoroughly cleaned with 
a mixture of hot dilute acids (1 part hydrochloric acid, 1 part concentrated 
nitric acid, and 3 parts water) followed by thorough washing with water 
inraediately before use. 

Apparatus 

- Kjeldahl flasks, of silica or borosilicate glass (nominal capacity 
100 ml) fitted with an extension to the neck by means of a B24 ground joint, 
as shown in Figure 1. The extension serves to condense the fumes and carries 
a tap funnel through which the reagents are introduced. 



Figure 1. Modified Kjeldahl Flask (open type) 

- Atomic absorption spectrophotometer. Any ccmtercial instrument 
operating in the absorption mode may be used providing it has facilities for 
the selection of the required oxidant/fuel combination from a choice of air, 
argon, nitrous oxide, hydrogen and acetylene and has a wavelength range from 
180 to 600 nm. 


A hydride generation vessel accessory is also required and is available 
from all the major conmercial manufacturers of atomic absorption equipment. 
For operations in emission mode and measurements of absorption involving the 
generation of a gaseous hydride, a potenticmetric recorder is necessary, 
preferably a multi-range type covering the range 1-20 mV. 
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Reagents 

Reagents shall be of an order of purity higher than accepted analytical 
reagent grade quality. Metal-free water (see belcw) shall be used throughout. 

(a) Nitric acid, sp.gr. 1.42 

(b) Perchloric acid, 60% (w/w) solution 

(c) Sulfuric acid, 98% HjS0 4 

(d) Hydrochloric acid, sp.gr. 1.16 - 1.18 

(e) Hydrochloric acid 5 N solution prepared by dilution of reagent (d) 
with metal-free distilled water 

(f) Water, metal free. Distilled water may be re-distilled from an 
all-glass apparatus or may be passed down a column of cation 
exchange resin, e.g.. Amber lite IR 120 (H) 

(g) Sodium sulfate 

(h) Sodium borohydride pellets 

(i) Potassium chloride 

Standards 

Use commercially available standard solutions or prepare solutions as 
follows: 

(a) Standard cooper solution 

Dissolve 3.928 g of pure copper sulfate CuSO t . 5HjO in water, dilute to 
1,000 ml at 20° with water in a one-mark graduated flask. Dilute 10 ml 
to 100 ml with water in a one-mark graduated flask sis required. 

1 ml - 100 m g Cu 

(b) Standard zinc solution 

Dissolve 1.000 g of pure zinc powder in a mixture of 10 ml water and 
5 ml hydrochloric acid [special reagent (d)] and dilute to 1,000 ml at 
20" with water, in a one-mark graduated flask. Dilute 10 ml to 100 ml 
with water in a one-mark graduated flask as required. 

1 ml = 100 /ug Zn 

(c) Standard chromium solution 

Dilute 5.80 ml of 0.1 N Potassium dichrcnate solution to 100 ml at 20* 
with water in a one-mark graduated flask as required. 

1 ml = 100 vq Cr 

(d) Standard antimony solution 

Dissolve 2.668 g potassium antimony tartrate K(SbO)C 4 I^0 6 in distilled 
water, dilute to 1,000 ml at 20' with water in a one-mark graduated 
flask. Dilute 10.0 ml to 100 ml with distilled water in a one-mark 
graduated flask as required. 

1 ml = 100 Mg Sb 

(e) Standard lead solution 

Dissolve 1.60 g of lead nitrate, Pb(NOj) 2 in nitric acid (10 ml of 
concentrated nitric acid diluted with 20 ml water, boiled to remove 
nitrous fumes, and cooled) and dilute to 1,000 ml with water in a one- 
mark graduated flask. Dilute 10.0 ml of this solution to 500 ml at 20° 
with water in a one-mark graduated flask as required. 

1 ml = 20 Mg Pb 
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(f) 


Standard barium solution 


Dissolve 1.779 g barium chloride BaCl 2 in distilled water, dilute 
to 1,000 ml at 20* with water in a one-nark graduated flask. Dilute 
10.0 ml to 100 ml with water in a cme-mark graduated flask as required. 
1 ml = 100 /jg Ga 


(g) standard arsenic solution 

Dissolve 1.320 g of arsenious oxide, ASjO, by wanning at a temperature 
not exceeding 60* with 14 ml of 5 K sodium hydroxide solution in a 
100 ml beaker. Cool, add 0.2 ml of phenol phthalein indicator and 
neutralize with 6 sulfuric acid. Transfer the solution to a 1,000 ml 
one-mark graduated flask containing 10 g of sodium hydrogen carbonate 
dissolved in water, washing cut the beaker with water. Dilute to the 
mark with water at 20’ and mix. Dilute 5 ml of this solution to 1,000 
ml at 20" with water, in a one-mark graduated flask as required. 

1 ml = 5 /jg As 


(h) Standard cadmium solution 

Dissolve 2.282 g 3CdSO t -81^0 in distilled water, dilute to 1,000 ml at 
20* with water in a one-mark graduated flask. Dilute 10.0 ml of this 
solution to 500 ml at 20* with water in a one-mark graduated flask. 

1 ml = 20 pg Cd 


Preparation of test solutions 


Prepare the test solution according to Method I in the case 
substances soluble in dilute acids. Use Method II for other substances. 


of 


Method I 

Accurately weigh about 2.5 g of the sanple and dissolve in a mixture of 
4 ml of sulfuric acid and 5 ml of hydrochloric acid. Transfer the solution to 
a 50 ml one-mark graduated flask. If barium is to be measured from the 
solution, add 0.0954 g of potassium chloride. Dilute to the mark with water. 
Call this Solution A . 

Method II 


Accurately weigh about 2.5 g of the sanple into a 100 - 150 ml Kjeldahl 
flask, and add 5 ml of the dilute nitric acid. As seen as any initial reaction 
subsides, teat gently until further vigorous reactions cease and then cool. 
Add gradually 4 ml of concentrated sulfuric acid at such a rate as not to 
cause excessive frothing on heating (5-10 min are usually required) and then 
heat until the liquid darkens appreciably in colour, i.e. , begins to char. 


Add concentrated nitric acid slcwly in small portions, heating between 
additions until darking again takes place. Do not teat so strongly that 
charring is excessive, or loss of arsenic may occur; small but not excessive 
amount of free nitric acid should be present throughout. Continue this 
treatment until the solution is only pale yellcw in colour and fails to darken 
in colour can prolonged heating. If the solution is still coloured run in 
0.5 ml of the perchloric acid solution and a little concentrated nitric acid 
and heat for about 15 minutes, then add a further 0.5 ml of the perchloric 
acid solution and heat for a few minutes longer. Note the total amount of 
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concentrated nitric acid used. Allow to cool somewhat and dilute with 10 ml 
of water. The solution should be quite colourless (if much iron is present it 
may be faintly yellow) . Boil down gently, talcing care to avoid bunping, until 
white fumes appear. Allcw to cool, add a further 5 ml of water and again boil 
dcwn gently to fuming. Finally, cool, add 10 ml 5 N hydrochloric acid and boil 
gently for a few minutes. Cool and transfer the solution to a 50 ml one-mark 
graduated flask washing out the Kjeldahl flask with small portions of water. 
Add the washings to the graduated flask and dilute to the mark with water. If 
barium is to be measured from the solution, add before dilution 0.0954 g of 
potassium chloride, as an ionizing buffer to prevent ionization of barium. 
Call this Solution A . 

Prepare a reagent blank using the same quantities of reagents as used 
in the sample oxidation. 

Measurement of antimony, bariun, caAniun. chraniun, copper, lead and zinc by 
atonic absorption 

Preparation of calibration curve solutions 

To a series of 100 ml one-mark volumetric flasks pipet 0, 1, 2, 3, 4 and 
5 ml of the appropriate standard solution [standards (a) to (f) and (h) ] and 
dilute to about 50 ml. Add 8 ml concentrated sulfuric acid [reagent (c) ] and 
10 ml concentrated hydrochloric acid (reagent (d) J . Shake to dissolve. In the 
case of barium [standard (f) ] , add 0.191 g of potassium chloride as an 
ionization buffer. When solution is complete, dilute to the mark with metal 
free water. 

These solutions then contain 0, 1.0, 2.0, 3.0, 4.0 and 5.0 pg per ml of 
either barium, copper, zinc, chromium or antimony, or 0, 0.2, 0.4, 0.6, 0.8 
and 1.0 /jg per ml of cadmium or lead. 

Instrumental conditions 


Select the wavelength and gases to be used for the particular element 
under consideration from the table below. 


Element 

Wavelenoth (nmt 

Gases 

Antimony 

217.6 

Air/acetylene 

Barium 

553.6 

Nitrous CDdde/aoetylere 

Cadmium 

228.8 

Air/acetylene 

Chromium 

357.9 

Nitrous axid^/aoetylene 

Copper 

324.8 

Air/acetylene 

Lead 

283.3 

Air/acetylene 

Zinc 

213.9 

Air/ acetylene 


The recommended settings for the various instrumental parameters vary 
from model to model , and certain parameters require optimization at the time 
of use to obtain the best results. Instruments should therefore be adjusted 
as described in the manufacturer's instructions using the type of flame and 
wavelength settings specified above. 
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Procedure 


Set the atomic absorption spectrophotometer to the ap prop riate 
conditions. Aspirate the strongest standard containing the element to be 
determined and optimize the instrument settings to give full-scale or maximum 
deflection on the chart recorder. Measure the absorbances of the other 
standards and plot a graph shewing the net absorbance against the 
concentration of the element in the standard solutions. Aspirate the solution 
A obtained from dissolution or the wet oxidation of the sample and the 
corresponding blank solution and determine the net absorbance. Using the graph 
prepared above, determine the concentration of the element in the sample 
solution. 


Concentration of element fua/ml) x 50 . mg/kg element in the sample 
Weight of sample taken (g) 


Measurement of arsenic and a ntimony by atonic absorption hydride technique 

Arsenic and antimony are determined after preparation of their volatile 
hydrides which are collected either in the generation vessel itself or, in 
same designs, in a rubber balloon attached to the vessel. Hie gases are then 
expelled with Argon into a hydrogen flame. 


Preparation of calibration curve solution 


Into a series of 100-ml one-mark volumetric flasks add frem a burette, 
0, 1, 2, 3, 4 and 5 ml of standard arsenic or antimony solution [Standards (g) 
and (d) ] and dilute to about 50 ml with distilled water. Add 8 ml concentrated 
sulfuric acid [reagent (c) ] and 10 ml hydrochloric acid [reagent (d)]. Shake 
to dissolve, and when solution is complete, dilute to the mark with distilled 
water. 


Instrumental conditions 

Using the atomic absorption spectrophotometer with the appropriate 
hollar cathode or electrodeless discharge lamp, select the wavelength for 
either arsenic (193.7 ran) or antimony (217.6 ran) . 

Procedure 


Measure 5 . 0 ml of the strongest standard into the generation vessel , add 
25 ml water and 2 ml 5 N hydrochloric acid [reagent (e) ]. Stopper the vessel 
and expel any air as described in the maker's instructions, filling the 
apparatus with Argon. Isolate the vessel from the atomizer using the by-pass 
valve. Remove the atomizer and then quickly add 1 pellet of sodium borohydride 
weighing approximately 0.2 g [reagent (h) ] and replace the stopper. Ensure 
that all the joints are secure. 


When the reaction slews (20 - 30 sec) open the appropriate taps to allow 
Argon to drive the generated hydride into the flame. When the hydride has all 
been expelled as shown by the recorder trace, return the taps to their 
original position and empty the vessel. 
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Optimize the instrument settings to give full scale deflection for the 
strongest standard. Measure the other standards, the sample and the blank 
solution using the same procedure. 

Plot a graph relating peak height on the recorder to concentration of 
the arsenic or antimony in the standards. Using the net absorbance of the 
sample, read from the graph the concentration of arsenic or antimony in the 
solution. 

Calculation 

Concentration of arsenic or antimony fug /ml) x 50 _ mg/kg arsenic or 

weight of sanple taken (g) antimony in the sample 


Determination of mercury by atonic absorption oold vapour technique 

Principle 

The sanple is ashed by heating under reflux with sulfuric and nitric 
acids. The oxidation is completed by addition of potassium permanganate 
solution. After successive additions of hydroxy lamine hydrochloride solution 
and stannous chloride solution, the mercury content is measured by cold vapour 
atomic absorption spectrometry. 

Special Reagents 

(a) Nitric Acid , sp.gr. 1.40; 

(b) Sulfuric acid , sp.gr. 1.84; 

(c) Sulfuric acid , approximately 3.5 M. Prepare by diluting 1 volume of 
concentrated sulfuric acid (b) , with 4 volumes of water; 

(d) Sulfuric acid , approximately 1 M. Prepare by diluting 1 volume of 3.5 fj 
sulfuric acid (c) with 2.5 volumes of water; 

(e) Hydrochloric acid , sp.gr. 1.18; 

(f) Potassium permanganate solution . 50.0 g/L; 

(g) Hvdroxvlamine hydrochloride solution . 100.0 g/L; 

(h) Stannous chloride solution . Prepare by dissolving 25.0 g of stannous 
chloride (SnCl 2 .2t^O) in 50 ml hydrochloric acid (e) . Make up to 250 ml 
with water and bubble nitrogen through the solution. Store over a few 
granules of metallic tin; 

(i) Chromic acid mixture . Dissolve 4.0 g of potassium dichrcmate in 300 ml 
of 3.5 M sulfuric acid (c) and make up to 1 litre with water; 

(j) Magnesium perchlorate , in granular form for gas desiccation; 

(k) Mercuric chloride 

Standards 

Use conmercialy available standard solutions, or prepare the standards 
as follcws: 


(a) Mercuric Chloride Solution . 0.5 mg Hg/ml. 

Weigh out, to the nearest 0.1 mg, 0.677 g of mercuric chloride (k) . 
Dissolve in approximately 250 ml 3.5 M sulfuric acid (c) in a 1-L 
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volumetric flask, add approximately 700 ml water and then potassium 
permanganate solution (f) dropwise until a colouration persists. Make 
up to the mark with water and mix well. Renew this solution every three 
months. 


(b) Mercuric Chloride Solution . 0.02 ng Hg/ml. 

Dilute the standard mercuric chloride solution 0.5 mg Hg/ml 
[Standard (A)] by a factor of 25,000 by successive dilution with 
sulfuric acid [special reagent (d) ], e.g. 10 ml made up to 250 ml twice 
followed by 10 ml made up to 400 ml. Before bringing up to the mark in 
the final dilution, add potassium permanganate solution [special 
reagent (f) ] dropwise until a colouration persists. Renew this solution 
daily. 


Apparatus 

All the glassware must be cleaned with hot nitric acid [special reagent 
(a) ] sind washed thoroucfily with water before use. 


- Mineralization apparatus fitted with reflux 
condenser (see figure) . 

- Bubblers , with a ground glass stopper fitted 
with two tubes to permit entrainment of the 
mercury vapour and with a calibration mark at 
the required volume for measurement. 

The capacity of the tubbier and position of the 
mark depend on the atomic absorption 
spectrophotometer used. 

Clean the bubbler successively with chromic 
acid mixture [special reagent (i)], tap water 
and double distilled water before use. 

- Water vapour absorption apparatus , containing 
magnesium perchlorate [special reagent ( j) ] . 

- Atomic absorption spectrophotometer suitable 
for the oold vapour determination of mercury in 
open or closed circuit, with recorder. 


Procedure 



Ashing 

Weigh out, to the nearest 2 mg, approximately 0.5 g sample containing 
not more than 0.5 jog total mercury. Introduce the sanple into the receiver 
flask (M) , and add a few glass beads. Connect the receiver flask to the 
condensate reservoir (D) and close the stopcock (R) . 


Introduce into the reservoir 25 ml of nitric acid [special reagent (a) ] 
followed by 10 ml sulfuric acid [special reagent (b) ] . Mount and turn on the 
condenser (A) . Open the stopcock carefully and allow small portions of the 
mixture of acids to run into the receiver flask. Interrupt the flow of acids 
if the reaction becomes too vigorous. 
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Enpty the reservoir into the receiver flask, mix the contents of the 
latter well by careful shaking and leave the stopcock open. 

Heat the receiver flask carefully. As soon as foaming has ceased, close 
the stopcock (R) , continue heating and let the condensate collect in the 
reservoir. 

Discontinue heating when the contents of the receiver flask begin to 
char. Allow a small portion of the condensate to run into the receiver flask, 
close the stopcock again end resume heating the receiver flask. Repeat this 
procedure for as long as the contents display charring when heated. 

When charring has ceased, heat and add condensate as soon as white fumes 
appear. Continue alternately heating and adding condensate for one hour. 
Finally, heat the contents of the flask to white fumes. 

Stop heating and allow to cool to approximately 40‘ . Open the stopcock 
and allow all the condensate to run into the receiver flask. Wash the 
apparatus out from the top of the condenser with 5 - 10 ml of water, collect 
the washings in the receiver flask and disconnect it from the reservoir. 

Treatment of the Solution 

Introduce the potassium permanganate solution [special reagent (f) ] 
dropwise into the receiver flask, with agitation, until a pink colouration 
persists. Note the quantity of reagent (f) used. (If this quantity exceeds 
10 ml, repeat the procedure "Ashing" as above.) 

Heat gently to boling, then allcw to cool. 

Pcur the contents of the receiver flask into a bubbler, wash the 
receiver flask with water and add the washings to the contents of the bubbler. 

Measure the mercury content (see below) the same day as the treatment 
of the solution. 

Measurement of Mercury Content 

Introduce 5 ml of hydroxylamine hydrochloride [special reagent (g) ) into 
the tubbier and make up to the nark either with double distilled water or 
with sulfuric acid [special reagent (d) ) in the case of standard solutions. 
Add 5 ml of stannous chloride solution [special reagent (g)], assemble the 
bubbler, connect it to the water vapour absorption apparatus and to the atomic 
absorption spectrophotometer. Set the latter in operation. 

Mix the contents of the bubbler well by gentle shaking, pass air or 
nitrogen through, measure and record. Carry out measurements as quickly as 
possible after the addition of stannous chloride. If an open-circuit system 
is used, wait 30 sec before passing air or nitrogen. 
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Calibration Curve 


Introduce respectively 2, 5, 10, 15 and 25 ml aliquots of the standard 
mercury solution [Standard (b) ] into bubblers and 25 ml sulfuric acid [special 
reagent (d) ] into a sixth bubbler. Add potassium permanganate solution 
[special reagent (f) ] drofwise, with agitation, to each bubbler until a 
colouration persists. 

Measure the mercury content as described above. 

Plot the calibration curve with the measured absorption values as 
ordinates and the corresponding mercury contents in micrograms as abscissae. 
The working standards contain 0 , 0.04 , 0.10 , 0.20 , 0.30 and 0.50 pg of 
mercury, respectively. 

Method of Addition 


The method of addition may be used if an open-circuit system is used. 


Place one of the working standard solutions (see 4 above) in a bubbler 
and add an aliquot portion of the sample solution obtained after treatment 
(see 2 above) . The quantity of mercury in the bubbler must lie in the range 
in which the photometer gives a linear response. Measure the mercury content 
as described in 3, above. If necessary, carry cut several such determinations, 
using different working standard solutions. 


Blank Determination 


Carry out all the operations, from ashing to measurement, except for 
introduction of the sample. When treating the solution, add a quantity of 
potassium permanganate solution [special reagent (f)] equal to that used for 
the experimental sample. 

Calculation 


Read off from the calibration curve the quantities, in ug, of mercury 
corresponding to the measured absorption values. 

Subtract the quantity of mercury found in the blank from that found in 
the sample. 

net weight of mercury (itch . mg/kg Hg in the sample 
sample weight (g) 
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ARSENIC LIMIT TEST 

Unless otherwise directed in the individual monograph, Method II as 
shewn belcw is used in preference to Method I. 

METHOD I (Gutzeit Procedure) 

Preparation of the Sanple So l ution 

The solution obtained by treating the sample as directed in an 
individual monograph is used directly as the Sairole Solution in the Procedure . 

Preparation of Standard Solution of Arsenic 

To 50 ml of water add 10 ml of stannated hydrochloric acid TS and 1.0 
ml of dilute arsenic TS. The resulting solution, when treated as described in 
the procedure belcw, yields a stain on the mercuric chloride paper referred 
to as the standard stain, equivalent to 10 pg of As. 

Procedure 


Transfer the solution (D) to a conical flask of 120 ml capacity (see 
Figure). The flask is fitted with a rubber stopper, through which passes a 
glass tube, 200 mm long and with an internal diameter of 6.5 mm. The lewer end 
of the glass tube is cut at an angle and a hole not less than 2 mm in diameter 
is blown in the side of the tube. About 40 mm above the stopper the tube is 
cut clearly and squarely into two parts: between the two parts of the tube is 
inserted a small disc of test paper (A) , having a diameter equal to the 
outside diameter of the tube. The two parts of the tube, with the test paper, 
are tightly joined together with rubber tubing (B) . 


The test paper circle is made from filter paper (Whatman No. 1 or 
equivalent) , soaked in a 5% solution of mercuric chloride in ethanol and dried 
in a current of air. 


A. Mercuric chloride test paper disc 

B. Rubber connection 

C. Cotton gauze saturated with lead acetate 

D. Test solution 

E. Aluminum squares 



Figure. Apparatus for Limit Test for Arsenic 
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loosely plug the lower end of the tube with cotton gauze soaked in a 5% 
lead acetate solution and dried (C) . 


In the conical flask, add three squares (B tin x 8 an x 1 Iran) of 
aluminium sheet (E) and immediately close the flask with the rubber stopper. 
Allcw the flask to stand in a water bath at 25* for 45 min. 


At the same time, carry out a parallel experiment using the standard 
solution of arsenic in place of the test sample. Ocmpare the colours of the 
two mercuric chloride test papers. The intensity of the colour from the test 
sample should not be greater than that of the standard stain. 

METHOD II (Colorimetric Procedure) 

Apparatus 

The general apparatus is shewn in the accompanying diagram. It consists 
of a 125-ml arsine generator flask (A) with a 24/40 standard-taper joint (B) 
fitted with a scrubber unit (C) and an absorber tube (E) connected by a 
capillary of inside diameter 2 mm and outside diameter 8 mm via a ball-and- 
socket joint (D) , secured with a No. 12 clamp, connecting the units. 
Alternatively, an apparatus embodying the principle of the general assembly 
described and illustrated may be used. 



Figure. Apparatus for Limit Test for Arsenic - Method II 


Reagents 

Silver Diethvldithiocarhamate Solution 

Dissolve 1 g of recrystallized silver diethyldithiocarbamate, 
(CjH^jNCSSAg, in 200 ml of reagent grade pyridine in a fume hood. Store this 
solution in a light-resistant container and use within 1 month. 


Silver diethyldithiocarbamate is available commercially or may be 
prepared as follows. Dissolve 1.7 g of reagent grade silver nitrate in 100 ml 
of water. In a separate container, dissolve 2.3 g of sodium 
diethyldithiocarbamate, (cy^JjNCSSNa -3^0, in 100 ml of water, and filter. 
Cool both solutions to about 15', mix the two solutions, while stirring, 
collect the yellcw precipitate in a medium-porosity sintered -glass crucible 
or funnel, and wash with about 200 ml of cold water. 
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Recrystallize the reagent, whether prepared as directed above or 
obtained commercially, as follows: Dissolve in freshly distilled pyridine, 
using about 100 ml of solvent for each g of reagent, and filter. Add an equal 
volume of cold water to the pyridine solution, while stirring. Filter off the 
precipitate, using suction, wash with cold water, and dry in vacuum at room 
temperature for 2 to 3 h. The dry salt is pure yellow in colour and should 
shew no change in character after 1 month when stored in a light-resistant 
container. Discard any material that changes in colour or develops a strong 
odour. 


Standard Arsenic Solution 


Weigh accurately 132.0 mg of arsenic trioxide that has been finely 
pulverized and dried for 24 h over a suitable desiccant, and dissolve it in 
5 ml of sodium hydroxide solution (1 in 5) . Neutralize the solution with 
diluted sulfuric acid TS, add 10 ml in excess, and dilute to 1,000.0 ml with 
recently boiled water, and mix. Transfer 10.0 ml of this solution into a 
1,000-ml volumetric flask, add 10 ml of diluted sulfuric acid TS, dilute to 
volume with recently boiled water and mix. 

Use this final solution, which contains 1 /jg of arsenic (As) in each ml, 
within 3 days. 

Stannous Chloride Solution 

Dissolve 40 g of reagent grade stannous chloride dihydrate, SnCl 2 -2HjO, 
in 100 ml of hydrochloric acid. Store the solution in a glass container and 
use within 3 months. 

Lead Acetate-Impregnated Cotton 

Soak cotton in a saturated solution of reagent grade lead acetate, 
squeeze out the excess solution, and dry in a vacuum at room temperature. 
Note : When preparing and using the cotton, take great care to avoid lead 
contamination . 

Preparation of the Sample Solution 

The solution obtained by treating the sample as directed in an 
individual monograph is used directly as the Sample Solution in the Procedure . 
Sample solutions of organic compounds are prepared in the generator flask (A) , 
unless otherwise directed, according to the following general procedure: 

Caution . Same substances may react unexpectedly with explosive violence 
when digested with hydrogen peroxide. Appropriate safety precautions must be 
employed at all times. 

Note . If halogen-containing compounds are present, use a lower 
temperature while heating the sample with sulfuric acid, do not boil the 
mixture, and add the peroxide, with caution, before charring begins, to 
prevent loss of tri valent arsenic. 

Transfer 1.0 g of the sanple into the generator flask, add 5 ml of 
sulfuric acid and a few glass beads, and digest at a temperature not exceeding 


Copyrighted material 



72 


120° on a hot plate in a fume hood until charring begins. (Additional sulfuric 
acid may be necessary to completely wet some samples, but the total volume 
added should not exceed about 10 ml.) After the sanple has been initially 
decomposed by the acid, add with caution, dropwise, 30% hydrogen peroxide, 
allowing the reaction to subside and reheating between drops. Hie first few 
drops must be added very slowly with sufficient mixing to prevent a rapid 
reaction, and heating should be discontinued if foaming becomes excessive. 
Swirl the solution in the flask to prevent unreacted substance from caking on 
the walls or bottom of the flask during digestion. Maintain oxidizing 
conditions at all times during the digestion by adding small quantities of the 
peroxide whenever the mixture turns brown or darkens . Continue the digestion 
until the organic matter is destroyed, gradually raising the teirperature of 
the hot plate to 250” - 300° until fumes of sulfuric acid are copiously 
evolved, and the solution becomes colourless, or retains only a slight straw 
colour. 

Cool, add cautiously 10 ml of water, again evaporate (fumes of sulfuric 
acid evolved) , and cool. Add cautiously 10 ml of water, mix, wash the sides 
of the flask with a few ml of water, and dilute to 35 ml. 

Procedure 


If the sanple solution was not prepared in the generator flask, transfer 
to the flask a volume of the solution, prepared as directed, equivalent to 
1.0 g of the substance being tested and add water to make 35 ml. 

Add 20 ml of dilute sulfuric acid (1 in 5) , 2 ml of potassium iodide TS, 
and 0.5 ml of Stannous Chloride Solution, and mix. Allow the mixture to stand 
for 30 min at room teirperature. Pack the scrubber tube (C) with two plugs of 
Lead Acetate- Impregnated Cotton, leaving a small air space between the two 
plugs, lubricate joints (B) and (D) with stopcock grease, if necessary, and 
connect the scrubber unit with the absorber tube (E) . Transfer 3.0 ml of 
Silver diethylditMocarbamate solution to the absorber tube, add 3.0 g of 
granular zinc (20-mesh) to the mixture in the flask, and immediately insert 
the standard-taper joint in the flask. Allow the evolution of hydrogen and 
colour development to proceed at roan temperature (25* ± 3‘) for 45 min, 
swirling the flask gently at 10-min intervals. (The addition of a small amount 
of isopropanol to the generator flask may improve the uniformity of the rate 
of gas evolution.) Disconnect the absorber tube from the generator and 
scrubber units, and transfer the Silver diethyldithiocarbamate solution to 
a 1-cm absorption cell. Determine the absorbance at the wavelength of maximum 
absorption between 535 ran and 540 ran with a suitable spectrophotometer or 
colorimeter, using Silver diethyldithiocarbamate solution as the blank. The 
absorbance due to any red colour from the solution of the sanple does not 
exceed that produced by 3.0 ml of Standard arsenic solution (3jig As) when 
treated in the same manner and under the same conditions as the sanple. The 
room teirperature during the generation of arsine from the standard should be 
held to within ± 2' of that observed during the determination of the sanple. 

Note 1 . Metals or salts of metals such as chromium, cobalt, copper, 
mercury, molybdenum, nickel, palladium, and silver are said to interfere with 
the evolution of arsine. Antimony, which forms stibine, is the only metal 
likely to produce a positive interference in the colour development with the 
silver diethyldithiocarbamate. Stibine forms a red colour which has a maximum 
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absorbance at 510 nm, but at 535 - 540 nm the absorbance of the antimony 
complex is so diminished that the results of the determination would not be 
altered significantly. 

Note 2 . All reagents used in the limit test for arsenic should be very 
lew in arsenic content. 


CHROMIUM LIMIT TEST 

The limit test described hereunder is designed to shew whether the 
sample contains more or less than 20 mg/kg of chromium. 

Procedure 


Weigh 1.0 g of the sample into a quartz dish. Char the material, raising 
the temperature slowly. Allow to cool, add 10 ml of a 25% magnesium nitrate 
solution; evaporate, heating slowly until no more nitrous vapour evolves. Heat 
the material in an oven at 600‘ until all black particles have disappeared 
(1 h). 


Dissolve the residue by adding 10 ml of 4 N sulfuric acid and 20 ml of 
water. Heat on a water bath for about 5 min. 

Add 0.5 ml of 0. 1 N potassium permanganate . Add more permanganate if the 
solution decolourizes. Cover with a watch glass and heat on a water bath for 
about 20 min. Add 5% sodium azide solution, one drop every 10 sec, until the 
excess potassium permanganate has been removed (avoid excess of sodium azide; 
2 drops are usually sufficient) . Cool the solution in running water, and 
filter if manganese dioxide is evident. Transfer the solution to a 50-ml 
volumetric flask. Add 2.5 ml of 5 M sodium dihydrogenphosphate, add 2 ml of 
diphenyl carbazide TS and fill to the mark with water. Measure the absorbance 
at 540 nm 30 min after adding the diphenyl carbazide TS. A blank with the 
latter two reagents should show no colour or only a slight purple colour. 

At the same time run a parallel test with 1.00 ml of standard chromate 
TS (1 ml = 20 jug Cr) and a few ml of saccharose plaoed into a second quartz 
dish. Treat the mixture exactly as the sample and measure the extinction at 
the same wavelength. 

Calculate the chromium content of the sample from the two extinction 
values observed. 


HEAVY METALS LIMIT TEST 

This is an empirical "catch-all" test for the following heavy metals in 
addition to lead: mercury, cadmium, antimony, arsenic (partial) , silver, 
copper, and certain others. All these metals give a colour with hydrogen 
sulfide and the test is designed to demonstrate that the total amounts 
present, expressed in terms of lead, do not exceed the heavy metal limits laid 
dewn in the various monographs. Zinc and tin also form sulfides and although 
these are not coloured at the pH of the test (3-4) they may influence the test 
to same degree. The test is useful in indicating the presence of heavy metal 
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inpurities in a raw material from a new source and in detecting accidental 
contamination of which the manufacturer might otherwise be unaware. It also 
provides confirmation of good manufacturing practice. However, if the method 
of manufacture or the grade of raw materials employed gives reason to believe 
that an impurity such as mercury or cadmium may be present, a specific test 
for the impurity in question should be employed. 

Method I is used for substances that yield clear colourless solutions 
prior to addition of sulfide ion and should be used in the Procedure unless 
otherwise directed in the individual monograph. Method II is used for those 
substances that do not yield clear colourless solutions under the test 
conditions specified in Method I or for those which, by virtue of their 
complex nature, interfere with the precipitation of heavy metals by sulfide. 

Reagents 

Ammonia TS 

Dilute 400 ml of reagent grade ammonium hydroxide to 1,000 ml with 

water. 


Use reagent grade hydrochloric acid in preparing all solutions of 
hydrochloric acid employed in this test. 

Lead nitrate stock solution 

Dissolve 159.8 mg of lead nitrate, Fb(N0j) 2 , in 100 ml of water 
containing 1 ml of nitric acid, then dilute with water to 1,000 ml and mix. 
This solution should be prepared and stored in a glass container which is free 
from lead salts. 

Standard lead solution 

On the day of use, dilute 10.0 ml of Lead Nitrate Stock Solution, 
accurately measured, with water to 100.0 ml. Each ml of the solution so 
prepared contains the equivalent of 10 m g of lead ion (Fb) . 

Procedure 

Note . In the following procedures for Methods I and II, failure to 
adjust accurately the pH of the solutions within the specified limits may 
result in a significant loss of test sensitivity. 

METHOD I 

Solution A 

Pipet into a 50-ml Nessler tube 2 ml of Standard lead solution [20 pg 
of lead ion (Fb) ] unless otherwise stated in the individual monograph. Adjust 
the pH to between 3.0 and 4.0 (short-range pH indicator paper) by the addition 
of dilute acetic acid TS or ammonia TS, dilute with water to 40 ml and mix. 
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Solution B 


Place in a 50-ml Nessler tube that matches the one used for Solution A, 
25 ml of the sanple solution prepared as directed in the individual monograph, 
adjust the pH to between 3.0 and 4.0 (short-range pH indicator paper) by the 
addition of dilute acetic acid TS or ammonia TS, dilute to 40 ml with water, 
and mix. 

Solution C 

Place into a third 50-ml Nessler tube that matches the ones used for 
Solution A and B, 25 ml of the sample solution prepared as directed in the 
individual monograph and add the same volume of Standard lead solution as was 
added to Solution A. Adjust the pH to between 3.0 and 4.0 (short-range 
indicator paper) by the addition of dilute acetic acid TS or ammonia TS, 
dilute with water to 40 ml and mix. 

Working in a fume hood, add to each tube 10 ml of freshly prepared 
hydrogen sulfide TS, mix, allcw to stand for 5 min, and view downward over a 
white surface. Hie colour of Solution B is no darker than that of Solution A 
and the colour of Solution C is equal to or greater than that of Solution A. 
If the colour of Solution C is lighter than that of Solution A, the test 
substance is providing an interference and Method II must be used. 

Method II 

Proceed as directed under Method I preparing Solution B as follows: 

Working in a fume hood, place the specified quantity of the sanple, 
accurately weighed, in a suitable crucible, add sufficient sulfuric acid to 
wet the sample, and carefully ignite at a lew temperature until thoroughly 
charred, covering the crucible loosely with a suitable lid during the 
ignition. After the substance is thoroughly carbonized, add 2 ml of nitric 
acid and 5 drops of sulfuric acid, and cautiously heat until white fumes are 
evolved, then ignite, preferably in a muffle furnace, at 500* to 600” until 
all the carbon is burned off. Cool, add 4 ml of dilute hydrochloric acid (1 
in 2) , cover, and digest on a steam bath for 10 to 15 min. Uncover, arid slowly 
evaporate on a steam bath to dryness. 

Moisten the residue with 1 drop of hydrochloric acid, add 10 ml of hot 
water, and digest for 2 min. Add dropwise ammonia TS until the solution is 
just alkaline to litmus paper, dilute with water to 25 ml, and adjust the pH 
to between 3.0 and 4.0 (short-range pH indicator paper) by the addition of 
dilute aoetic acid TS. Filter if necessary, wash the crucible and the filter 
with 10 ml of water, transfer the solution and rinsings to a 50-ml Nessler 
tube, dilute with water to 40 ml, and mix. 

Prepare Solution C in the same manner as Solution B, adding to the 
sanple in the crucible the same volume of Lead Standard Solution as was added 
to Solution A. Proceed as in Method I from "Working in a fume hood, add. . . ". 
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IKON LIMIT TEST 


To 0.5 g of the sample, weighed to the nearest mg, add 2 ml of 
hydrochloric acid, and evaporate to dryness on a steam bath. Dissolve the 
residue in 2 ml of hydrochloric acid and 20 ml of water, and add a few drops 
of bromine TS. Boil the solution in a fume hood to remove the bromine, cool, 
dilute with water to 25 ml, and then add 50 mg of ammonium persulfate and 5 ml 
of armoniura thiocyanate TS. Any red colour produced should not exceed that 
of a control solution made the same way as the test solution but containing 
instead of the sanple the amount of Iron Standard TS prescribed in the 
individual monograph. 


lead limit test 


Special Reagents 


Select reagents having as low a lead content as practicable, and store 
all solutions in containers of boros ilicate glass. Rinse all glassware 
thoroughly with warm dilute nitric acid (1 in 2) followed by water. 


Ammonia-Cvanide Solution 

Dissolve 2 g of potassium cyanide in 15 ml of strong ammonia TS, and 
dilute with water to 100 ml. 


Diluted Standard lead Solution (1 iw Fb in 1 ml) 


Immediately before use, transfer 10.0 ml of Standard Lead TS containing 
10 *jg of lead per ml, to a 100-ml volumetric flask, dilute to volume with 
dilute nitric acid (1 in 100) and mix. 


Sample Solution 


The solution obtained by treating the sanple as directed in an 
individual monograph is used directly as the Sample Solution in the Procedure . 
Sample solutions of organic compounds are prepared, unless otherwise directed, 
according to the following general method: 

Caution . Some substances may react unexpectedly with explosive violence 
when digested with hydrogen peroxide. Appropriate safety precautions must be 
employed at all times. 


Transfer 1.0 g of the sanple into a suitable flask, add 5 ml of sulfuric 
acid and a few glass beads, and digest at a temperature not exceeding 120" 
until charring begins, using preferably a hot plate in a fume hood. 
(Additional sulfuric acid may be necessary to conpletely wet same sanples, but 
the total volume added shoal d not exceed about 10 ml.) After the sanple has 
been initially decomposed by the acid, add with caution, drcpwise, 30% 
hydrogen peroxide, allowing the reaction to subside and reheating between 
drops. The first few drops must be added very slowly with sufficient mixing 
to prevent a rapid reaction, and heating should be discontinued if foaming 
becomes excessive. Swirl the solution in the flask to prevent unreacted 
substance from caking on the walls or bottom of the flask during the 
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digestion. Add small quantities of the peroxide when the solution begins to 
darken , and continue the digestion until the organic matter is destroyed, 
gradually raising the temperature of the hot plate to 250" - 300* until fumes 
of sulfur trioxide are copiously evolved and the solution becomes colourless 
or retains only a light straw colour. Cool, add cautiously 10 ml of water, 
again evaporate to strong fuming, and cool. Quantitatively transfer the 
solution into a separator with the aid of small quantities of water. 

Procedure 

Transfer the Sample Solution , prepared as directed in the individual 
monograph, into a separator, and, unless otherwise directed, add 6 ml of 
Ammonium Citrate TS (POT) , and 2 ml of Hvdroxvlamine Hydrochloride TS . (Use 
10 ml of the citrate solution when determining lead in iron salts. ) To the 
separator add 2 drops of phenol red TS, and mate the solution just alkaline 
(red in colour) by the addition of strong ammonia TS. Cool the solution, if 
necessary, under a stream of tap water, then add 2 ml of Potassium Cyanide TS . 
Immediately extract the solution with 5-ml portions of Dithizone Extraction 
TS . draining each extract into another separator, until the dithizone solution 
retains its green colour. Shake the combined dithizone solutions for 30 sec 
with 20 ml of dilute nitric acid (1 in 100) , discard the chloroform layer, add 
to the acid solution 5.0 ml of Standard Dithizone TS and 4 ml of Ammonia- 
Cvanide Solution , and shake for 30 sec. The purplish hue in the chloroform 
solution of the sample due to any lead dithizonate present does not exceed 
that in a control, containing the volume of Diluted Standard lead Solution 
equivalent to the amount of lead specified in the monograph, when treated in 
the same manner as the sairple. 


MERCURY UMTT TEST 


Mercury Detection Instrument 

Use any suitable atomic absorption spectrophotometer equipped with a 
fast-response recorder and capable of measuring the radiation absorbed by 
mercury vapours at the mercury resonance line of 253.6 nm. A sinple mercury 
vapour meter or detector equipped with a variable span recorder is also 
satisfactory. 

Aeration Apparatus 

The apparatus, shown in Fig. 1, consists of a flcwmeter (a), capable of 
measuring at a flow rate of 2.7 L per h, connected via a three-way stopcock 
(b) , with Teflon plug, to 125-ml gas washing bottles (c and d) , followed by 
a drying tube packed with glass wool (e) , and finally a suitable quartz liquid 
absorption cell (f) , terminating with a vent (g) . 

Mote : The absorption cell will vary in optical pathlength depending upon 
the type of mercury detection instrument used. 

Bottle c is fitted with an extra-ooarse fritted bubbler (Coming 
31770 125 EC or equivalent) , and the bottle is marked with a 60-ml calibration 
line. The drying tube e is lightly packed with glass wool or magnesium 
perchlorate. Bottle c is used for the test solution, and bottle d, which 
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remains enpty throughout the procedure, is used to collect water droplets. 
Alternatively, an apparatus embodying the principle of the assembly described 
and illustrated may be used. The aerating medium may be either compressed air 
or compressed nitrogen. 



Figure 1. Aeration Apparatus 

Standard Preparation 

Transfer 1.71 g of mercuric nitrate, Hg(NC^),-i^O, to a 1,000-ml 
volumetric flask, dissolve in a mixture of 100 ml of water and 2 ml of nitric 
acid, dilute to volume with water, and mix. Discard after 1 month. Transfer 
10.0 ml of this solution to a second 1,000-ml volumetric flask, acidify with 
5 ml of dilute sulfuric acid solution (1 in 5) , dilute to volume with water, 
and mix. Discard after 1 week. On the day of use, transfer 10.0 ml of the 
second solution to a 100-ml volumetric flask, acidify with 5 ml of dilute 
sulfuric acid (1 in 5) , dilute to volume with water, and mix. Each ml of this 
solution contains 1 Mg of Hg. Transfer 2.0 ml of this solution (2 Mg of Hg) 
to a 50-ml beaker, and add 20 ml of water, 1 ml of dilute sulfuric acid 
solution (1 in 5) , and 1 ml of potassium permanganate solution (1 in 25). 
cover the beaker with a watch glass, boil for a few sec, and cool. 

Sample Preparation 

Prepare as directed in the individual monograph. 

Procedure 


Assemble the aerating apparatus as shewn in Figure 1, with bottles c and 
d empty and stopcock b in the bypass position. Connect the apparatus to the 
absorption cell (f) in the instrument, and adjust the air or nitrogen flow 
rate so that, in the following procedure, maximum absorption and 
reproductibility are chained without excessive foaming in the test solution. 
Obtain a baseline reading at 253.6 nm, following the manufacturer's 
instructions for operating the instrument. Treat the Standard Preparation as 
follows: 


Destroy the excess permanganate by adding a l-in-10 solution of 
hydroxylamine hydrochloride, dropwise, until the solution is colourless. 
Immediately wash the solution into bottle c with water, and dilute to the 
60-ml mark with water. Add 2 ml of 10% stannous chloride solution (prepared 
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fresh each week by dissolving 20 g of SnCl 2 2I^O in 40 ml of warm hydrochloric 
acid and diluting with 160 ml of water) , and immediately reconnect bottle c 
to the aerating apparatus. Turn stopcock b from the bypass to the aerating 
position, and obtain the reading on the recorder. Disconnect bottle c from the 
aerating apparatus, discard the Standard Preparation mixture, wash bottle c 
with water, and repeat the foregoing procedure using the Sample Preparation; 
any absorbance produced by the Sanple Preparation does not exceed that 
produced by the Standard Preparation. 


NICKEL LIMIT TEST 

Dissolve 10 g of sample in sufficient water to produce 20 ml, add 3 ml 
bromine TS and 2 ml of a 20% w/v solution of citric acid, mix and add 10 ml 
of ammonia TS and 1 ml of dimethylglycerine TS. Mix, dilute to 50 ml with 
water and allcw to stand for 5 min; any colour produced is not more intense 
than that produced by similarly treating, at the sane time, 1 ml of nickel 
standard solution [10 mg/kg Ni prepared by diluting 1.0 ml of a 0.401% w/v 
solution of nickel chloride (NiCl 2 -6HjO analytical reagent grade) with water 
to 100.0 ml] diluted to 20 ml with water (0.5 rrq/kq Ni) . 


SELENIUM LIMIT TEST 


REAGENTS 

2 ■ 3-Diaminonaphthalene Solution 

On the day of use, dissolve 100 mg of 2,3-diaminonaphthalene (C,^^) 
and 500 mg of hydroxylamine hydrochloride (NHjOH -HC1) in sufficient 0.1 N 
hydrochloric acid to make 100 ml. 

Selenium Standard Solution 

Transfer 120.0 mg of postered metallic selenium into a 1,000-ml 
volumetric flask, and dissolve in 100 ml of dilute nitric acid (1 in 2), 
warming gently on a steam bath to effect solution. Cool, dilute to volume with 
water, and mix. Transfer 5.0 ml of this solution into a 200-ml volumetric 
flask, dilute to volume with water, and mix. Each ml of this solution contains 
3 /jg of selenium (Se) . 

METHOD I 

Preparation of Standard 

Transfer 2.0 ml of the Selenium standard solution into a 150-ml beaker, 
add 50 ml of 0.25 U nitric acid, and mix. 

Sample Preparation 

Transfer into a 1,000-ml combustion flask the amount of sanple 
specified in the individual monograph (and the magnesium oxide, where 
required) , and proceed as directed under Oxygen Flask Combustion , using 0.5 {J 
nitric acid as the absorbing liquid. ( Note . If the sanple contains water of 
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hydration or more than 1% of moisture, dry it at 140” for 2 h before 
ocmbustion.) Upon ccnpletion of caitoustian, place a few ml of water in the 
cup or lip of the combustion flask, loosen the stopper of the flask, and 
rinse the stopper, sample holder, and sides of the flask with about 25 ml of 
water. Transfer the solution into a 150-ml beaker, heat gently to boiling, 
boil for 10 min and cool. 


Procedure 


Using dilute ammonium hydroxide (1 in 2) , adjust the pH of the Standard 
solution, of the Sample preparation, and of 50 ml of 0.25 J} nitric acid, to 
serve as the blank, to 2.0 ± 0.2. Add 200 mg of hydroxy lamine hydrochloride 
to each beaker, swirl gently to dissolve, then without delay add 5 ml of 
2 . 3-Diaminonaphthalene solution to each solution, and mix. Cover each beaker 
with a watch glass, and allcw to stand at room temperature for 100 min. 
Transfer the solutions into separate separators with the aid of about 10 ml 
of water, extract each solution with 5.0 ml of cyclohexane, shaking each 
separator vigorously for 2 min, and allcw the layers to separate. Discard the 
aqueous phases, and centrifuge the cyclohexane extracts to remove any traces 
of water. Determine the absorbance of each extract in a 1-cm cell at the 
maximum at about 380 nm, with a suitable spectrophotometer, using the blank 
to set the instrument. The absorbance of the extract from the Sample 
preparation is not greater than that from the Standard Solution when a 200-ng 
sample is tested, or not greater than one-half the absorbance of the extract 
from the Standard solution when a 100-mg sample is tested. 


METHOD II 


Standard Preparation 

Transfer 2.0 ml of the Selenium standard solution into a 150-ml beaker, 
add 50 ml of 2 N hydrochloric acid, and mix. 

Sample Preparation 

Transfer into a 150-ml beaker the amount of sample specified in the 
individual monograph, dissolve in 25 ml of 4 Jl hydrochloric acid, swirling if 
necessary to effect solution, heat gently to boiling, and digest on a steam 
bath for 15 min. Remove from heat, add 25 ml of water, and allow to cool to 
room temperature. 

Procedure 


Place the beakers containing the Standard preparation and the Sample 
preparation in a fume hood. Cautiously add 5 ml of ammonium hydroxide to each 
beaker and to a third beaker containing 50 ml of 2 N hydrochloric acid to 
serve as the blank. Allow the solutions to cool, and then adjust the pH of 
each solution to 2.0 + 0.2 with dilute anmonium hydroxide (1 in 2) . Continue 
as directed under Procedure in Method I, beginning with "Add 200 mg of 
hydroxy lamine hydrochloride . . . " . 
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OXYGEN FLASK COMBUSTION 

Apparatus 

The apparatus consists of a heavy-walled, deeply lipped or cupped, 
conical flask of a volume suitable for the complete combustion of the sample 
in which selenium is being determined. The flask is fitted with a round- 
glass stopper to which is fused a sample carrier consisting of heavy-gauge 
platinum wire and a piece of welded platinum gauze measuring about 1.5 x 
2 cm. A suitable apparatus may be obtained as Catalog Nos. 6513-C20 (500-ml 
capacity) and 6513-C30 (1, OOO-ml capacity) from Arthur H. Thomas Co., P.0. 
Box 779, Philadelphia, Pa. 19105, U.S.A. Equivalent apparatus available from 
other sources, or other suitable apparatus embodying the principles described 
herein, may also be used. 

Procedure 


Caution . The analyst should wear safety glasses and should use a 
suitable safety shield between himself and the apparatus. Further safety 
measures should be observed as neoessary to ensure maximum protection of the 
analyst. Furthermore, the flask must be scrupulously clean and free from even 
traces of organic solvents. Samples containing water of hydration or more 
than 1% of moisture should be dried at 140 ’ for 2 h before combustion. 

Accurately weigh the amount of sample specified in the monograph. 
Solids should be weighed on a 4-an square piece of halide-free filter paper, 
which should be folded around the sample. liquid samples not exceeding 0.2 ml 
in volume should be weighed in tared cellulose acetate capsules [available as 
Catalog Nos. 6513-C80 (100 capsules) and 6513-C82 (1,000 capsules) from the 
Arthur H. Thomas Co.]; gelatin capsules are satisfactory for liquid sample 
exceeding 0.2 ml in volume. 

Note . Gelatin capsules may contain significant amounts of combined 
halide or sulfur, in which case a blank determination should be made as 
necessary. 

Place the sample, together with a filter paper fuse-strip, in the 
platinum gauze sample holder. Place the absorbing liquid, as specified in the 
individual monograph or general test, in the flask, moisten the joint of the 
stopper with water, and flush the air from the flask with a stream of rapidly 
flowing oxygen, swirling the liquid to facilitate its talcing up oxygen. 

Note . Saturation of the liquid with oxygen is essential for successful 
performance of this procedure. 

Ignite the fuse-strip by suitable means. If the strip is ignited 
outside the flask, immediately plunge the sanple holder into the flask, 
invert the flask so that the absorption solution makes a seal around the 
stepper, and hold the stopper firmly in place. If the ignition is carried out 
in a closed system, the inversion of the flask may be omitted. After 
combustion is complete, shake the flask vigorously, and allow to stand for 
not less than 10 min with intermittent shaking. Then continue as directed in 
the individual monograph. 
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NITROGEN DETERMINATION 
(Kjeldahl Method)' 

caPTIOM: Provide adequate ventilation in the laboratory and do not 
permit accumulation of exposed mercury. 

Note . All reagents should be nitrogen-free, where available, or 
otherwise very low in nitrogen content. 

METHOD I 

This method should be used unless otherwise directed in the individual 
monograph. It is not applicable for certain nitrogen-containing compounds 
that do not yield their entire nitrogen content upon digestion with sulfuric 
acid. 

Nitrites and Nitrates Absent 

Unless otherwise directed, transfer about 1 g of the substance, 
accurately weighed, to a 500-ml Kjeldahl flask of hard glass, wrapping the 
sample, if solid or semi-solid, in nitrogen-free filter paper to facilitate 
the transfer if desired. To the flask add 10 g of powdered potassium sulfate 
or anhydrous sodium sulfate, 500 mg of powdered cupric sulfate, and 20 ml of 
sulfuric acid. Gently heat the mixture, keeping the flask inclined at about 
a 45° angle, and after frothing has ceased, boil briskly until the solution 
has remained clear green in colour or almost colourless for 30 min. Cool, add 
150 ml of water, mix, and cool again. Cautiously pour 100 ml of sodium 
hydroxide solution (2 in 5) down the inside of the flask so that it forms a 
layer under the acid solution, then add a few pieces of granulated zinc. 
Connect the flask to a distillation apparatus consisting of a Kjeldahl 
connecting bulb and a condenser, the delivery tube from which extends well 
beneath the surface of 50 ml of boric acid solution (1 in 25) contained in a 
500-ml flask or bottle. Gently rotate the contents of the Kjeldahl flask to 
mix, and distil until about two-thirds of the solution has been collected in 
the receiving flask. To the receiving flask add methyl red/methylene blue 
TS, and titrate with 0.5 {£ sulfuric acid. Perform a blank determination 
substituting 2 g of sucrose for the sample and make the necessary 
corrections. Each ml of 0.5 N acid is equivalent to 7.003 mg of nitrogen. 

Note . If it is known that the substance to be determined has a lew 
nitrogen content, 0.1 N acid may be used in place of the 0.5 N solution, in 
which case each ml of 0.1 N acid is equivalent to 1.401 mg of nitrogen. 


Nitrites and Nitrates Present 

Transfer to a 500-ml Kjeldahl flask of hard glass a quantity of the 
sanple, accurately weighed, representing about 150 mg of nitrogen, add 25 ml 
of sulfuric acid in which 1 g of salicylic acid has been dissolved, mix, and 
allow to stand for 30 min, shaking frequently. Add 5 g of powdered sodium 
thiosulfate, mix, then add 500 mg of powdered cupric sulfate or mercuric 
oxide, and continue as directed under A, beginning with "Gently heat the 


ISO R-937-1969 may be used as an alternate method. 
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mixture. . . " . Prior to the digestion of substances known to have a nitrogen 
content exceeding 10%, add 500 mg to 1 g of benzoic acid to facilitate 
deocmpos ition . 

METHOD II (Semimicro) 

Transfer an accurately weighed or measured quantity of the sample 
equivalent to about 2 or 3 mg of nitrogen, to the digestion flask of a 
semimicro Kjeldahl apparatus. Add 1 g of a powdered mixture of potassium 
sulfate and cupric sulfate (10 to 1) , using a fine jet of water to wash down 
any material adhering to the neck of the flask, then pour 7 ml of sulfuric 
acid down the inside wall of the flask to rinse it. Add cautiously, down the 
inside of the flask, 1 ml of 30% hydrogen peroxide, swirling the flask during 
the addition ( CAUTION . Do not add any peroxide during the digestion.) Heat 
over a free flame or an electric heater until the solution has attained a 
clear blue colour and the walls of the flask are free from carbonized 
material. Cautiously add 20 ml of water, cool, then add through a funnel 
30 ml of sodium hydroxide solution (2 in 5) , and rinse the funnel with 10 ml 
of water. Ocnnect the flask to a steam distillation apparatus and immediately 
begin tie distillation with steam. Oollect the distillate in 15 ml of boric 
acid solution (1 in 25) to which has been added 3 drops of methyl 
red/methylene blue TS and enough water to cover the end of the condensing 
tube. Continue passing the steam until 80 to 100 ml of distillate has been 
collected, then remove the absorption flask, rinse the end of the condenser 
tube with a small quantity of water, and titrate with 0.01 N sulfuric acid. 
Each ml of 0.01 N acid is equivalent to 0.140 mg (140 ng) of nitrogen. 

When more than 2 to 3 mg of nitrogen is present in the measured 
quantity of the substance to be determined, 0.02 or 0.1 N sulfuric acid may 
be used in the titration if at least 15 ml of titrant is required. If the 
total dry weight of the material taken is greater than 100 mg, increase 
proportionately the quantities of sulfuric acid and sodium hydroxide added 
before distillation. 


NON- VOLATILE RESIDUE 

Unless otherwise indicated, transfer 100 ml of the sample into a tared 
125-ml platinum evaporating dish, previously heated at 105° to oonstant 
weight, and evaporate the sample to dryness on a steam bath. Heat the dish at 
105* for 30 min or to constant weight, cool in a desiccator, and weigh. 


SULFATES LIMIT TEST 

Unless otherwise specified, place the prescribed quantity of the sample 
in a Nessler tube, dissolve it in about 30 ml of water, and neutralize with 
dilute hydrochloric acid TS if the solution is alkaline. Add 1 ml of dilute 
hydrochloric acid TS and dilute to 50 ml with water. If the use of a sartple 
solution is prescribed, transfer the sample solution into a Nessler tube and 
dilute to 50 ml with water. Transfer the prescribed volume of 0.01 N sulfuric 
acid into another Nessler tube to serve as the standard, add 1 ml of dilute 
hydrochloric acid TS, and dilute to 50 ml with water. 
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If the solution containing the sanple is not clear, filter both 
solutions under the same conditions. Add 2 ml of barium chloride TS to each 
solution, mix thoroughly, and allow to stand for 10 min. Conpare the 
turbidity of the two solutions by observing the Nessler tubes from the sides 
and the tops against a black background. Hie turbidity of the sample does not 
exceed that of the standard. 


WATER DETERMINATION 
(Karl Fischer Titrimetric Method) 


Principle 

The Karl Fischer titrimetric method for the determination of water is 
based upon the quantitative reaction of water with an anhydrous solution of 
sulfur dioxide and iodine dissolved in pyridine and an alcohol. Hie sanple 
may be titrated with the Reagent directly, or the analysis nay be carried out 
by a residual titration procedure. In the residual titration, excess Reagent 
is added to the sanple, sufficient time is allowed for the reaction to reach 
completion, and the unconsumed Reagent is titrated with a standard solution 
of water in methanol. Hie residual titration procedure is applicable 
generally and avoids the difficulties that may be encountered in the direct 
titration of substances from which the bound water is released slcwly. 


Hie stoichiometry of the reaction is not exact, and the reproducibility 
of a determination depends upon such factors as the relative concentrations 
of the Reagent ingredients, the nature of the inert solvent used to dissolve 
the sample, and the technique used in the particular determination. 
Therefore, an empirically standardized technique must be used in order to 
achieve the desired accuracy. Precision in the method is governed largely by 
the extent to which atmospheric moisture is excluded from the system. Hie 
titration of water is usually carried out using anhydrous methanol as the 
solvent for the sanple; however, other suitable solvents may be used for 
special or unusual substances. 


Apparatus and Endpoint Determination 


Any apparatus may be used that provides for adequate exclusion of 
atmospheric moisture and determination of the endpoint. In the case of a 
colourless solution that is titrated directly, the endpoint may be observed 
visually as a change in colour from canary yellcw to amber. Hie reverse is 
observed in the case of a sample that is titrated residually. More coranonly, 
however, the endpoint is determined electrometr ical ly with the use of dual 
platinum electrodes (about 5 rrn square and about 2.5 cm apart) and a 
polarizing current of about 100 mA at an applied potential of about 200 mV. 
When completion of the reaction is reached, a change in the electrochemical 
properties of the solution is sensed by the electrodes, and the endpoint is 
indicated by the deflection of a microanmeter or by means of some other 
current-sensing device or a potential-sensing device. With some automatic 
titrators, the abrupt change in current or potential at the endpoint serves 
to close a solenoid-operated valve that controls the buret delivering the 
titrant. Commercially available apparatus generally comprises a closed system 
consisting of one or two automatic burets and a tightly covered titration 
vessel fitted with the appropriate electrodes and a magnetic stirrer. Hie air 
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in the system is kept dry with a suitable desiccant such as phosphorus 
pentoxide, and the titration vessel may be purged by means of a stream of dry 
nitrogen or a current of dry air. 

Preparation of the Fischer Reagent 

To a mixture of 670 ml of methanol and 170 ml of pyridine contained in 
a flask, add 125 g of iodine, immediately stopper the flask, and cool. Pass 
dry sulfur dioxide through 100 ml of pyridine contained in a 250-ml graduate 
and cooled in an ice bath until the volume of the solution attains 200 ml. 
Slowly add this solution, with shaking, to the cooled iodine mixture, stopper 
immediately, and shake well until the iodine is dissolved. Transfer the 
combined solution to the apparatus, preferably an automatic buret protected 
from moisture with desiccants such as phosphorus pentoxide, anhydrous calcium 
chloride, or silica gel, and allow to stand for 24 h or overnight before 
standardizing. Each ml of this reagent when freshly prepared is equivalent to 
approximately 5 mg of water. Since this solution deteriorates continuously, 
it should be standardized within 1 h before use, or daily if in continuous 
use. Protect from light while in use, and store bulk solutions in glass- 
stoppered containers and under refrigeration. 

A stabilized Karl Fischer Reagent solution is commercially available 
that can be used satisfactorily instead of one prepared as directed herein. 

Standard! zation of the Fischer Reagent 

Primary standardization 

Transfer 35 to 40 ml of methanol into the titration vessel of the 
Apparatus , and titrate with the Reagent to the endpoint colour or to the 
electrometric endpoint. 

(a) For determination of trace amounts of water (i.e., less than about 
1% in the sanple) , sodium tartrate dihydrate may be used as a convenient 
water reference substance. If this method is used, quickly add 150 to 350 mg 
of sodium tartrate dihydrate, (Na^H^ -21^0) , accurately weighed, to the 
methanol, and again titrate to the endpoint with the Reagent . 

Calculate the water equivalence factor, F, in mg of water per ml of 
Reagent , by the formula 

2 X (18.02/230.08) X (W/V) , 

in which W = the weight, in mg, of sodium tartrate dihydrate, 

V = the volume, in ml, of the Reagent consumed in the second 
titration, 

and 18.02 and 230.08 are, respectively, the molecular weights of 
water and sodium tartrate dihydrate. 

(b) For the precise determination of more than trace amounts of water 
(i.e., more than about 1%), distilled water is used as the reference 
substance. If this method is used, quickly add 25 to 250 mg of distilled 
water, accurately weighed, to the methanol, and again titrate to the endpoint 
with the Reagent . 
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Calculate the water equivalence factor, F, in mg of water per ml of 
Reagent , by the formula W/V, in which W is the weight, in mg, of distilled 
water, and V is the volume, in ml, of the Reagent consumed in the second 
titration. 


Secondary standardization 

Prepare a Water-Methanol Solution by diluting 2 ml of water to 1,000 ml 
with methanol. Standardize this solution by titrating 25.0 ml with the 
Reagent , previously standardized as directed under Primary standardization 
above. Calculate the water content, in mg per ml, of the Water-Methanol 
Solution by the formula V'F/25, in which V' is the volume, in ml, of the 
Reagent consumed, and F is the water equivalence factor of the Reagent , 
determined as directed under Primary standardization . The water content of 
the Water-Methanol Solution should be determined weekly and the Reagent 
standardized against it periodically as needed. 

Procedure 


Note . Determine the water content by the Direct Titration Procedure , 
unless otherwise directed. 


Unless otherwise directed, place about 35 to 40 ml of methanol in the 
titration vessel, and titrate with the Reagent to the endpoint, disregarding 
the volume consumed. Quickly transfer to the titration vessel an accurately 
weighed or measured quantity of the sample, preferably containing 10 to 50 mg 
of water, stir vigorously, and again titrate to the endpoint. The water 
content of the sanple, in mg, is obtained by multiplying the volume of 
Reagent used in titrating the sanple by the equivalence factor, F, of the 
Reagent . 


Residual titration 


Unless otherwise directed, place about 35 to 40 ml of methanol in the 
titration vessel, and titrate with the Reagent to the endpoint, disregarding 
the volume consumed. Quickly transfer to the titration vessel an accurately 
weighed or measured quantity of the sample, preferably containing 10 to 50 mg 
of water, stir vigorously, and add an accurately measured excess of the 
Reagent . Allcw sufficient time for the reaction to reach completion, and 
titrate the unconsumed Reagent with standardized Water-Methanol Solution to 
the endpoint. 


The water content in the sample, in mg, is obtained by multiplying the 
net volume of the Reagent used in titrating the sample by the equivalence 
factor, F, of the Reagent . 
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III. METHODS FOR DETERMINING ORGANIC COMPONENTS 
AROMATIC HYDROCARBONS DETERMINATION 1 


Principle of the Method 

Hie sample is introduced into a gas chromatographic column consisting 
of polyethylene glycol on firebrick. Polyethylene glycol has very little 
affinity for saturated and olefinic hydrocarbons while exhibiting a pronounced 
selectivity for aromatic. This selectivity, which is shewn in Fig. 1, results 
in the elution of all saturated and olefinic hydrocarbons in light naphtha 
reformates, and gasolines prior to the elution of benzene. After elution from 
the polyethylene glycol column, the hydrocarbons are detected with a 
conventional thermal conductivity detector. The time required for the analysis 
will vary from 2 to 10 min depending upon the molecular weight range of the 
sample to be analyzed. 

Apparatus 

Chromatograph 

Any chromatograph, commercially available or custom designed, which can 
be operated at 100" and is equipped with a conventional dual-pass thermal 
conductivity detector, may be used. 

Strip-Chart Recorder 

A recording potentiometer with a full-scale deflection of 10 mV or less 
should be used. The full-scale response time of the recorder should not exceed 
2 sec. If a manual method of integration (such as triangulation method, papjer 
cutout method, or planimeter) is employed, the chart spaed should be at least 
150 cm pier h in order to minimize errors in peak area measurement. This 
requirement is, of course, waived if a ball-and-disc or an electronic 
integrator is employed. 

Microsvringe 

A microsyringe 10-ptl capacity, is needed for sample introduction. 
Volumetric Flask 

100-ml capacity. 

Volumetric Pioets 

1, 2, 5, 10, 15, 20, and 25-ml capacity. 

Copper and Stainless Steel Tubing 

5 nm OD (ID = 3 mm) , 2 m section. 


Based on ASTM D 2267-67. 
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Polyethylene Glycol, 200 molecular weight 
Firebrick, Acid-washed, 60 to 80-mesh 
Diehl orcmethane 
Helium 

n-Heptane, 99 mole per cent, minimum 

C 6 to q„ Aromatic Hydrocarbon, 99 mole per cent, minimum 


Boiling Point <°C) 



0.1 1 10 

Final Retention Time (min) 


Figure 1. Hydrocarbon Type Selectivity of 
Polyethylene Glycol (100') 


ation of Resolv 


Dissolve 30 g of polyethylene glycol in approximately 200 ml methylene 
chloride. Slurry this mixture into 70 g of 60 to 80-mesh acid-washed 
firebrick, making oertain that all particles are wetted. Distribute the 
material over a relatively large area in a fume hood and allow the dichloro- 
methane to evaporate. When all the dichlorome thane has evaporated, fill a 2-m 
section of capper or stainless steel tubing with the packing, which contains 
30.0% by weight polyethylene glycol on 60 to 80-mesh firebrick, in the 
oonventionnal manner and mount in the oven of the chromatograph. Adjust the 
helium inlet pressure to 1.36 to 2.04 atm and raise the column temperature to 
100" . Condition the column until it becomes stable, as evidenced by a stable 
base line at relatively high sensitivity. Do not expose the column to oxygen 
or air since polyethylene glycols will decompose in the presence of oxygen 
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Ga3 chrc «"»±'VT r *P h y of Sample 

Adjust the operating conditions in accordance with the data given in 
Table I. Measure the helium flew rate with a soap bubble flew meter. An inlet 
helium pressure of approximately 1.70 to 2.04 atm should result in the desired 
flew rate of 100 ml per min. Typical retention time date for various C 6 to C,, 
hydrocarbons are given in Table II. The hydrocarbon type selectivity of 
polyethylene glycol is shewn in Figure 1. Check the selectivity of the column, 
prepared earlier, by ascertaining that n-decane is eluted prior to benzene. 
Obtain a n-decane/benzene relative retention ratio of approximately 0.9. The 
sensitivity of the thermal conductivity detector should be sufficient to 
produce full-scale recorder deflection at a benzene concentration of 10% when 
enploying a sample size of 4 jul. 


Table I. Operating Conditions 


Column Packing 

Polyethylene Glycol, 30.0% 
by Weight, on 60 to 80-mesh Firebrick 

Oolumn diameter, mm, OD 

5 

Oolumn diameter, mm, ID 

3 

Column length, m 

2 

Column temperature 

100" ±0.5 

Carrier gas 

Helium 

Flew rate, ml per min 

100 ± 0.5 

Sample size, 

4 


Procedure 

The quantitative injection approach to quantitative analysis is employed 
in this method. This approach depends upon a repeatable quantitative injection 
of a small quantity (4 pi) of sample. It is necessary to develop calibration 
factors or curves for each aromatic hydrocarbon to be determined. 
Ethylbenzene, para and metaxylene are not individually resolved. One of the 
three isomers or a representative mixture of the three should be used to 
establish the calibration factor of this group of components. 

Either of the following procedures may be utilized for calibration of 
the gas chromatograph and quantitative determination of the concentration of 
the various aromatic hydrocarbons: 

Procedure A 

Preparation of the Sample 

Prepare a standard sample containing each of the aromatics of interest 
in approximately the concentration to be encountered in the sanple to be 
analyzed. In order to minimize measurement errors, the standard sanple should 
be prepared by using volumetric pipets to add the desired quantity of each 
aromatic to a 100-ml volumetric flask and then diluting to the mark with 
n-heptane. The tenperature of the various hydrocarbons should, of course, be 
at or near the tenperature at which the pipets and flask were calibrated 
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Table II. Retention Time Data 


Compounds 

Boiling Point 
■C 

Final Retention Time, min 

n-Hexane 

68.74 

0.61 

n-Heptane 

98.43 

0.67 

n-Octane 

125.66 

0.91 

n-Nonane 

150.80 

1.24 

n-Decane 

174 . 12 

1.85 

n-Undecane 

195.89 

2.81 

Hexene-1 

63.49 

0.65 

Heptene-1 

93.64 

0.81 

Octene-1 

121.28 

1.05 

Nonene-1 

146.87 

1.53 

Undecene-1 

192.67 

3.69 

Methylcyclopentane 

71.81 

0.73 

Cyclohexane 

80.74 

0.84 

Methylcyclohexane 

100.93 

0.97 

Ethylcyclohexane 

131.78 

1.45 

Isopropylcyclohexane 

154.76 

2.07 

Benzene 

80.10 

2.04 

Toluene 

110.63 

3.20 

Ethylbenzene 

136.19 

4.77 

para-Xylene 

138.35 

4.89 

ortho-Xylene 

144.41 

6.41 

Isopropylbenzene 

152.39 

6.01 

n-Propylbenzene 

159.22 

7.19 

1,3, 5-Trimethylbenzene 

164.72 

8.43 

1,2,4 -Trimethy lbenzene 

169.35 

10.36 



(normally 20*). Chromatograph the standard sanple several times taking care 
to inject exactly 4 nl each time. Retention time data obtained from the 
calibration chromatograms may be used to identify the various aromatics in the 
samples to be analyzed. Measure the peak area of each aromatic peak by any of 
the following means; triangulation, planimeter, paper cutout, ball-and-disc 
indicator, or electronic integrator. 

Calculation 

Calculate a calibration factor for each aromatic, from the average peak 
area obtained from the several calibration chromatograms, as follows: 


where K = 
v - 

PA = 


K 


PA 


calibration factor, 

volume percentage of the particular aromatic hydrocarbon in the 
standard sanple, and 

peak area of the aromatic peak in arbitrary units (square 
centimeters, square inches, counts, etc.) 


After determining a calibration factor for each aromatic, carefully 
inject exactly 4 /rl of the sanple to be analyzed. The time required for the 
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analysis will vary from 2 to 10 min depending upon the molecular weight range 
of the Semple. Measure the peak areas of the aromatics as before and finally 
calculate the concentration of each aromatic as follows: 

v = PA x K 

where v = volume percentage of the aromatic, 

PA = peak area of the aromatic peak in arbitrary units, and 
K = calibration factor for the aromatic. 

Renort 


Report the volume percentage of each aromatic hydrocarbon to the nearest 
0.1% by volume. 

Procedure B 


Preparation of the Sample 

Prepare several standard samples containing increasingly higher 
concentrations of each aromatic hydrocarbon to be determined, again using 
volumetric pipets and flask and n-heptane as the diluent. (For example, if one 
wished to calibrate the instrument over the 0 to 25% by volume range, standard 
samples containing 2, 5, 10, 15, 20 and 25% by volume of each component might 
be prepared. ) Inject 4 pi of each standard sample and measure the areas of the 
aromatic peaks thus produced. Make a plot of volume percentage versus peak 
area for each aromatic. 

Calculation 

After obtaining calibration curves for each aromatic inject exactly 4 pi 
of the sample to be analyzed and measure the areas of the aromatic peaks. 
Calculate the concentration of each aromatic directly from the calibration 
curve. 


Report 


Report the volume percentage of each aromatic hydrocarbon to the nearest 
0.1% by volume. 

Note 1 


Ihe calibration described in Procedure A is somewhat less laborious than 
that of Procedure B; however, the response of the thermal conductivity 
detector and the recorder is assumed to be linear in Procedure A. Althoucfi 
linear response will be obtained over the concentration range of interest with 
most gas chromatographic systems of this nature, no assumptions in this regard 
are made in Procedure B. A slight nonlinearity in either the detector or the 
recorder will be evident from the calibration curves. 

Note 2 


It cannot be overemphasized that the accuracy of the quantitative 
injection approach depends upon the ability of the analyst to inject 
repeatedly a small quantity of sample. The accuracy of this approach is 
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adversely affected by relatively small changes in column temperature, carrier 
gas flow rate, and detector cell current. These variables must, therefore, be 
closely controlled. In addition, check the instrument calibration a minimum 
of once each day. This can be done very easily and quickly by analyzing a 
reference sanple (such as a retained quantity of light naphtha, reformate, or 
gasoline) which was initially analyzed immediately after the calibration 
factors or curves described in Procedure A and B were obtained. If the 
reference sample analysis is not that which was initially obtained within the 
limits of repeatability, the instrument should be recalibrated. 


Mote 3 

The following criteria should be used for judging the acceptability of 
results (95% confidence) . 

Repeatability 

Duplicate results by the same operator should be considered suspect if 
they differ by more than the following amounts: 


Component 

Concentration 
% by Volume 

Repeatability 
% of Amount present 

Benzene 

1 to 10 

4 

Toluene 

1 to 25 

4 

Ethylbenzene ) 
p- Xylene ) 

1 to 10 

4 

m- Xylene ) 

o-xylene 

1 to 3 

9 

o-Xylene 

3 to 10 

4 

Total aromatics 

1 to 50 

4 



Reproducibility 

The results submitted by each of two laboratories should be considered 
suspect if the two results differ by more than the following amounts: 


Component 

Concentration 
% by Volume 

Reproducibility 
% of Amount present 

Benzene 

1 to 10 

8 

Toluene 

1 to 25 

8 

Ethylbenzene ) 
p-Xylene ) 

1 to 10 

8 

m-Xylene ) 

o-Xylene 

1 to 3 

28 

o-Xylene 

1 to 10 

14 

Total aromatics 

1 to 50 

8 
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CARBON DIOXIDE DETERMINATION BY DECARBOXYLATION 


Apparatus 

Ihe apparatus required is shewn in the accompanying diagram. It consists 
essentially of a soda lime oolumn. A, a mercury valve, B, connected through 
a side arm, C, to a reaction flask, D, by means of a rubber connection. Flask 
D is a 100-ml round-bottom, long-neck boiling flask, resting in a suitable 
heating mantle, E. The reaction flask is provided with a reflux condenser, F, 
to which is fitted a delivery tube, G, of 40-ml capacity, having a stopcock, 
H. On the reflux condenser is mounted a trap, I, containing 25 g of 20-mesh 
zinc or tin. The trap I should be connected with an absorption tower, J. The 
absorption tower consists of a 45-cm tube fitted with a medium-porosity 
fritted glass disk sealed to the inner part above the side arm and having a 
delivery tube sealed to it extending dewn to the end of the tube. A trap, 
consisting of a bulb of approximately 100-ml capacity, is blown above the 
fritted disk and the outer portion of a ground spherical joint is sealed on 
above the bulb. A 250-ml conical flask K, is connected to the bottom of the 
absorption tewer. The top of the tower is connected to a soda lime tower, L, 
which is connected to a suitable punp to provide vacuum and air supply, the 
choice of which is made by a 3-way stopcock, M. The volume of air or vacuum 
is controlled by a capillary-tube regulator or needle valve, N. All joints cure 
size 35/25, ground spherical type. 

Procedure 


Weicfi to the nearest 0.1 mg, 250 mg of the sample, previously dried in 
vacuum for 4 h at 60'. Transfer into the reaction flask, D, add 25 ml of 0.1 iJ 
hydrochloric acid, insert several boiling chips, and connect the flask to 
the reflux condenser, F, using syrupy phosphoric acid as a lubricant. 

Note . Stopcock grease may be used for the other connections. 

Check the system for air leaks by forcing mercury up into the inner tube 
of the mercury valve, B, to a height of about 5 cm. Turn off the pressure 
using the stopcock, M. If the mercury level does not fall appreciably after 
1 to 2 min, the apparatus my be considered to be free from leaks. Draw carbon 
dioxide-free air through the apparatus at a rate of 3,000 to 6,000 ml pier h. 
Raise the heating mantle, E, to the flask, heat the sairple to boiling, and 
boil gently for 2 min. Turn off and lower the mantle, and allow the sample to 
cool for 15 min. Charge the delivery tube, G, with 23 ml of concentrated 
hydrochloric acid. Disconnect the absorption tower, L, rapidly transfer 
25.0 ml of 0.25 N sodium hydroxide into the tower, add 5 drops of n-butanol, 
and again connect the absorpjtion tewer. Draw carbon dioxide-free air through 
the apparatus at the rate of about 2,000 ml per h, add the hydrochloric acid 
to the reaction flask through the delivery tube, raise the heating mantle, and 
heat the reaction mixture to boiling. 

After 2 h, discontinue the current of air and heating. Force the sodium 
hydroxide solution down into the flask, K, using gentle air pressure, and then 
rinse down the absorption tewer with three 15-ml portions of water, forcing 
each washing into the flask with air pressure. Remove the flask, and add to 
it 10 ml of a 10% solution of barium chloride (BaCl ? -2HjO) . Stopper the flask, 
shake gently for about 2 min, add pjhenolphthalein TS, and titrate with 0.1 N 
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hydrochloric acid. Perform a blank determination. Each ml of 0.25 J4 sodium 
hydroxide consumed is equivalent to 5.5 mg of carbon dioxide (00^). 



CHLORINATED ORGANIC COMPOUNDS LIMIT TEST 

Weigh 0.25 g of the sample to the nearest mg, and dissolve in 10 ml of 
water. Acidify with nitric acid and filter off the precipitate. Mix 
precipitate with 0.5 g of calcium carbonate, dry the mixture and then ign 
Tate up the ignition residue in 20 ml of dilute nitric acid TS and filter, 
the filtrate with 0.5 ml of 0.1 N silver nitrate. The turbidity should no 
greater then that obtained by adding 0.5 ml of 0.1 N silver nitrate to a 
similar volume of dilute nitric acid TS containing the amount of 0.01 N 
hydrochloric acid prescribed in the individual monograph. 
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1,4-DIOXANE LIMIT TEST 
Vacuum Distillation apparatus 

Assemble a closed-system vacuum distillation apparatus, employing glass 
vacuum stopcocks (A, B and C) as shewn in Figure. The concentrator tube 1 (D) 
is made of borosilicate of quartz (not flint) glass, graduated precisely 
enough to measure the 0.9 ml or more of distillate and marked so that the 
analyst can dilute accurately to 2.0 ml. 


To McLeod 
gauge 



Figure. Closed-System Vacuum Distillation 
Apparatus for 1,4-Dioxane 


Standard Preparation 

Prepare a solution of 1,4-dioxane in water (100 pg/ml) . Keep the 
solution refrigerated and prepare fresh weekly. 

Sample Preparati on 

Transfer 20 g of the sample, accurately weighed, into a 50-ml round- 
bottom flask containing a 24/40 ground -glass neck. Semisolid or waxy sanples 
should be liguefied by heating on a steam bath before making the transfer. Add 
2.0 ml of water tc the flask for crystalline sanples, and 1.0 ml for liquid, 
semisolid, or waxy samples. Place a small Teflon covered stirring bar in the 
flask, stepper, and stir to mix. Intnerse the flask in an ice bath, and chill 
for about 1 min. 

Distillation 

Wrap heating tape around the tube connecting the Chromaflex tube (D) and 
the round-bottem flask (E) , and apply about 10 V to the tape. Apply a light 
coating of high-vacuum silicone grease to the ground-glass joints, and connect 
the Chrtmaflex tube to the 10/30 joint and the round-bottom flask to the 24/40 


Available as Chromaflex concentrator tube, Kontes Glass Co. , Vineland, 
N.J., USA, Catalog No. K 42560-0000. 
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joint. Iirmerse the vacuum trap in a Dewar flask filled with liquid nitrogen, 
close stopcocks A and B, open stopcock C, and begin evacuating the system with 
a vacuum pump. Prepare a slush bath from powdered dry ice and methanol, and 
raise the bath to the neck of the round-bottom flask. After freezing the 
contents of the flask for about 10 min, and when the vacuum system is 
operating at 0.05 mn pressure or lower, open stopcock A for 20 sec, and then 
close it. Remove the slush bath, and allow the flask to warm in air for about 
1 min. Immerse the flask in a water bath at 20" to 25* , and after about 5 min 
warm the water in the bath to 35* to 40" (sufficient to liquefy most samples) 
while stirring slowly but constantly with the magnetic bar. Cool the water in 
the bath by adding ice, and chill for about 2 min. Replace the water bath with 
the slush bath, freeze the contents of the flask for about 10 min, then open 
stopcock A for 20 sec, and close it. Remove the slush bath, and repeat the 
heating steps as before, this time reaching a final temperature of 45" to 50" 
or a temperature necessary to melt the sample completely. If there is any 
condensation in the tube connecting the round-bottom flask to the Chrcmaflex 
tube, slowly increase the voltage to the heating tape and heat until 
condensation disappears. 

Stir with the magnetic stirrer throughout the following steps: 


Very slowly immerse the Chramaflex tube in the Dewar flask containing 
liquid nitrogen. 


caution . When there is liquid distillate in the Chramaflex tube, the 
tube must be immersed in the nitrogen very slowly or the tube will break. 


Water will begin to distil into the tube. As ice forms in the tube, 
raise the Dewar flask to keep the liquid nitrogen level only slightly below 
the level of ice in the tube. When water begins to freeze in the neck of the 
10/30 joint, or when liquid nitrogen reaches the 2.0-ml graduation mark on the 
Chramaflex tube, remove the Dewar flask and let the ice melt without heating. 
After the ioe has melted, check the volume of water that has distilled, and 
repeat the sequence of chilling and thawing until at least 0.9 ml of water has 
been collected. Freeze the tube once again for 2 min, and release the vacuum 
first by opening stopcock B, followed by stopcock A. Remove the Chramaflex 
tube from the apparatus, close it with a greased stepper, and let the ice melt 
without heating. Mix the contents of the tube by swirling, note the volume of 
distillate, and dilute to 2.0 ml with water, if necessary. 


Chromatography 


Use a gas chromatograph equipped with a flame-ionization detector. Under 
typical conditions, the instrument contains a 4-mm (id) x 1.83 m glass column 
packed with 80/100- or 100/120-mesh Chronosorb 104 or equivalent. The column 
is maintained isothermally at about 140", the injection port at 200", and the 
detector at 250*. Nitrogen is the carrier gas, flowing at a rate of about 
35 ml per min. Install an oxygen scrubber between the carrier gas line and the 
column. The column should be conditioned for about 72 h at 250" with 30 to 
40 ml per min carrier flow. 


Note . Chronosorb 104 is oxygen-sensitive. Both new and used columns 
should be flushed with carrier gas for 30 to 60 min before heating each time 
they are installed in the gas chromatograph. 
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Inject a volume of the Standard Preparation, accurately measured, to 
give about 20% of maximum recorder response. Where possible, keep the 
injection volume in the range of 2 to 4 pi, and use the solvent-flush 
technique to minimize errors associated with injection volumes. In the same 
manner, inject an identical volume of the Sample Preparation. The height of 
the peak produced by the Sample Preparation does not exceed that produced by 
the Standard Preparation. 


ETH3XYL AND METHOXYL GROUP DETERMINATION 


Apparatus 

Hie apparatus used for the ethoxyl and methoxyl determination is shown 
in the aoocrpanying diagram. The boiling flask A, is fitted with a capillary 
side-arm, B, for the introduction of carbon dioxide and is connected to a 
column, C, which serves to separate aqueous hydriodic acid from the more 
volatile ethyl or methyl iodide. The volatile iodide passes through an aqueous 
red phosphorus suspension in a scrubber trap, D, end is finally absorbed in 
the branine acetic acid solution in an absorption tube, F. The carbon dioxide 
is introduced frcm a device arranged to minimize pressure fluctuations and 
connected to the apparatus by a small capillary containing a small cotton 
plug. 

Procedure 


Prepare the apparatus by placing in trap D, through the funnel K or tube 
F and the connecting side-arm, a volume sufficient to make trap D half-full 
of a suspension of about 60 mg of red phosphorus in 100 ml of water. Rinse the 
tube F and the side-arm with water into trap D. Dry carefully the absorption 
tube F and pour down the funnel K 7 ml of bromine aoetic acid TS. Weigh 0.05 g 
of the sanple, to the nearest 0.1 mg, in a tared gelatin capsule, and place 
it in the boiling flask along with a few glass beads or pieces of porous 
plate. Add 6 ml of hydriodic acid TS and attach the flask to the condenser, 
using a few drops of the acid to seal the junction. Bubble carbon dioxide 
throu^i the apparatus at the rate of about 2 bubbles per sec. Place the 
boiling flask in an oil bath heated to 150" , and continue the reaction for 
40 min. Drain the contents of the absorption tube F into a 500 ml conical 
flask containing 10 ml of a 1 in 4 solution of sodium acetate. Rinse tube F 
with water, adding the rinsings to the flask, and finally dilute with water 
to about 125 ml. Add formic acid, dropwise, with swirling, until the reddish- 
brown colour of the bromine is discharged, then add 3 additional drops. A 
total of 12 to 15 drops are usually required. Let stand for 3 min, and add 
15 ml of dilute sulfuric acid TS and 3 g of potassium iodide, and titrate 
immediately with 0.1 N sodium thiosulfate, using starch TS as indicator near 
the endpoint. Perform a blank determination, including also a gelatin capsule 
and make any necessary correction. 

Each ml of 0.1 N sodium thiosulfate is equivalent to 0.517 mg of (-OCHj) 
or 0.751 mg of (-OC^) . 
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GUM CONSTITUENTS IDENTIFICATION 

Boil a mixture of 200 mg of the sample and 20 ml of 10% sulfuric acid 
for 3 h. Allow to cool and add excess barium carbonate, mixing with a magnetic 
stirrer until the solution is pH 7, and filter. Evaporate the filtrate in a 
rotatory evaporator at 30" - 50" under vacuum until a crystalline (or syrupy) 
residue is obtained. Dissolve in 10 ml of 40% methanol. This is the 
hydrolysate. Place 1 to 5 pi spots of hydrolysate on the starting line of two 
Silica Gel G thin layer chrcma toplates . On the same plates apply 1 to 10 pg 
of the reference standards specified in the individual monograph. 

Use two solvent systems to develop the plates, one for each plate: 

A. A mixture of formic acid, methyl ethyl ketone, tertiary butanol and 
water (15/30/40/15 by volume) and 

B. A mixture of glacial acetic acid/chloroforrrv/water (74/65/11 by 
volume) . 

After development spray with a solution of 1.23 g anisidine and 1.66 g 
phthalic acid in 100 ml ethanol and heat the plates at 100" for 10 min. A 
greenish yellow colour is produced with hexoses, a red colour with pentoses 
and a brown colour with uronic acids. Compare sample spots with those for the 
solutions of the reference standards and identify the constituents specified 
in the individual monograph. 


MALEIC ACID LIMIT TEST 


Re agents 
Buffer solution 


Dissolve 53.5 g of ammonium chloride in about 900 ml of water, adjust 
the pH to 8.2 with approximately 0.3 N ammonium hydroxide, and dilute with 
water to 1,000 ml. 

Standard solution 

Transfer to a 100-ml volumetric flask about 100 mg, accurately weighed, 
of maleic acid of the highest purity available, dissolve in about 10 ml of 
water, then dilute to volume with water, and mix. 

Sanple solution 

Transfer about 50 g of the sample, accurately weighed, into a 250-ml 
beaker, add 80 ml of water, and stir for 10 min with a mechanical stirrer. 
Filter, using suction, and wash with about 40 ml of water. Transfer the 
combined filtrate and washings to a 250-ml beaker, add an additional 50-g 
sample, accurately weighed, to the beaker, and repeat the stirring, 
filtration, and washing procedure. Transfer the combined filtrate and washings 
to a 250-ml volumetric flask, add 2 drops of phenolphthalein TS, then add 
sodium hydroxide TS, with stirring, until a light pink colour persists for at 
least 30 sec and dilute to volume with water. 
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Procedure 


Transfer 10.0 ml of the Sanple Solution into a 100-ml volumetric flask, 
add 20 ml of Buffer Solution, dilute to volume with water, and mix (Solution 
A) . Rinse a polarographic cell with a portion of the solution, then add a 
suitable volume of the solution to the cell, immerse it in a water bath 
regulated at 24.5* to 25.5*, and deaerate by bubbling purified nitrogen 
through the solution for at least 6 min. Insert the dropping mercury electrode 
of a suitable polarograph, and record the polarograra from -1 to -2 V, using 
a saturated calomel electrode as the reference electrode. Determine the height 
of the wave occurring at the half-wave potential near -1.36 V. In the same 
manner polarograph a solution prepared by adding 10.0 ml of the Sanple 
Solution, 20 ml of the Buffer Solution, and 2.0 ml of the Standard Solution 
to a 100-ml volumetric flask and diluting to volume with water (Solution B) . 

Calculate the weight, in mg, of maleic acid in the total weight of 
sanple taken by the formula: 

2500C X A/ (R-A) 

in which A is the wave height of Solution A, B is the wave height of Solution 
B, and C is the concentration, in mg per ml of added maleic acid in 
Solution B. 


OXALATE LIMIT TEST 


Dissolve 0.5 g of sanple in 4 ml of water, add 3 ml concentrated 
hydrochloric acid and then 1 g of granulated zinc. Heat for 1 min in a boiling 
water bath. Let stand for 2 min at room temperature; decant the supernatant 
solution into a test tube containing 0.25 ml of a 1% solution of 
pheny Lhydraz ine hydrochloride. Mix, heat to boiling and oool immediately. 
Transfer the solution into a glass cylinder with a ground glass stepper and 
add an equal volume of concentrated hydrochloric acid. Add 0.25 ml of a 5% 
solution of potassium hexacyanoferrate (III) , mix well and let stand for 30 
min. The colour of the solution is not more intense than that of a standard 
solution prepared in the same manner and containing 4.0 ml of a solution of 
0.005% oxalic acid in water. 


READILY CARBONI ZABLE SUBSTANCES 


Procedure 


Unless otherwise directed, add the specified quantity of the substance, 
finely powdered if in solid form, in small portions to the comparison 
container, which is made of colourless glass resistant to the action of 
sulfuric acid and contains the specified volume of sulfuric acid TS. 


Stir the mixture with a glass rod until solution is complete, allow the 
solution to stand for 15 min, unless otherwise directed, and compare the 
colour of the solution with that of the specified matching fluid in a 
comparison container which also is of colourless glass and has the same 
internal and cross-section dimensions, viewing the fluids transversely against 
a background of white porcelain or white glass. 
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When heat is directed in order to effect solution of the substance in 
the sulfuric acid TS, mix the sample and the acid in a test tube, heat as 
directed, cool, and transfer the solution to the comparison container for 
matching. 

Matching Fluids 

For purposes of comparison, a series of twenty matching fluids, each 
designated by a letter of the alphabet, is provided, the composition of each 
being as indicated in the following table. TO prepare the matching fluid 
specified, pipet the prescribed volumes of the colorimetric test solutions 
(ISC) and water into one of the matching containers, and mix the solutions in 
the container. 


Matching Fluids 


Matching 

Fluid 

Parts of 
Cobaltous 
Chloride 
TSC 

Parts of 
Ferric 
Chloride 
TSC 

Parts of 
Cupric 
Sulfate 
TSC 

Parts of 
Water 

A 

0.1 

0.4 

0.1 

4.4 

B 

0.3 

0.9 

0.3 

8.5 

C 

0.1 

0.6 

0.1 

4.2 

D 

0.3 

0.6 

0.4 

3.7 

E 

0.4 

1.2 

0.3 

3.1 

F 

0.3 

1.2 

0.0 

3.5 

G 

0.5 

1.2 

0.2 

3.1 

H 

0.2 

1.5 

0.0 

3.3 

i 

0.4 

2.2 

0.1 

2.3 

j 

0.4 

3.5 

0.1 

1.0 

K 

0.5 

4.5 

0.0 

0.0 

L 

0.8 

3.8 

0.1 

0.3 

M 

0.1 

2.0 

0.1 

2.8 

N 

0.0 

4.9 

0.1 

0.0 

0 

0.1 

4.8 

0.1 

0.0 

P 

0.2 

0.4 

0.1 

4.3 

Q 

0.2 

0.3 

0.1 

4.4 

R 

0.3 

0.4 

0.2 

4.1 

S 

0.2 

0.1 

0.0 

4.7 

T 

0.5 

0.5 

0.4 

3.6 


Note : Solution A-D, very light brownish yellcw. 

Solutions E-L, yellcw through reddish yellow. 
Solutions M-O, greenish yellcw. 

Solutions P-T, light pink. 
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REDUCING SUBSTANCES (AS GLUCOSE) 

METHOD I 

Transfer about 1 g of the sample, accurately weighed, into a 250-ml 
Erlenmeyer flask, dissolve in 10 ml of water, and add 25 ml of alkaline cupric 
citrate TS and cover the flask with a small beaker. Boil gently for exactly 
5 min and cool rapidly to roan temperature. Add 25 ml of 10% acetic acid 
solution, 10.0 ml of 0.1 N iodine, 10 ml of dilute hydrochloric acid TS and 
3 ml of starch TS, and titrate with 0.1 N sodium thiosulfate to the 
disappearance of the blue colour. Calculate the content of reducing substances 
(as D-glucose) by the formula: 

(V^-VjNj) , 2.7 

% Reducing substances (as D-glucose) 

Sanple wt. (g) 

where V, and N, are the volume (ml) and normality, respectively, of the 

iodine solution, 

V 2 ard Nj are the volume (ml) and normality, respectively, of the 

sodium thiosulfate solution, 

and 2.7 is an empirically determined equivalence factor for 
D-glucose. 

METHOD II 

Dissolve 7 g of the sanple in 35 ml of water in a 400-ml beaker and mix. 
Add 25 ml of cupric sulfate TS and 25 ml of alkaline tartrate TS. Cover the 
beaker with glass, heat the mixture at such a rate that it comes to a boil in 
approximately 4 min and boils for exactly 2 min. Filter the precipitated 
cuprous oxide throucfli a tared Gooch crucible previously washed with hot water, 
ethanol, and ether, and dried at 100* for 30 min. Thoroughly wash the 
collected cuprous oxide on the filter with hot water, then with 10 ml of 
ethanol and finally with 10 ml of ether, and dry at 100* for 30 min. The 
weight of the cuprous oxide does not exceed that prescribed in the individual 
monograph. 




RESIDUAL SOLVENT 

This procedure is for the determination of acetone, ethylene dichloride, 
hexane, isopropanol, methanol, dichlorcmethane, and trichloroethylene 
residues. 


- Distilling Head. Use a Clevenger trap designed for use with oils 
heavier than water. A suitable design is shewn in the Figure. 

gents and Solutions 


Toluene . The toluene used for this analysis should not contain any of 
the solvents determined by this method. The purity may be determined by gas 
chromatographic analysis, using one of the following columns or its 
equivalent: 
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Cl avenger Trap 
(Dimensions in ran) 

(1) 17% by weight of UCon 75-H-90,000 cm 35/80-mesh Chrotnosorb W; 

(2) 20% Uom LB-135 on 35/80-mesh Chromosorb W; 

(3) 15% Ucon IB-1715 on 60/80-mesh Chrctrosorb W; or 

(4) Porapak Q 50/60-mesh. 

Follow the conditions described under Procedure, and inject the same 
amount of Toluene as will be injected in the analysis of the solvents. If 
impurities interfering with the test are present, they will appear as peaks 
occurring before the Toluene peak and should be removed by fractional 
distillation. 

Benzene . The benzene used for this analysis should be free from 
interfering impurities. The purity may be determined as described under 
Toluene. 

Detergent and Antifoam . Any such products that are free from volatile 
compounds may be used. If volatile cctnpounds are present, they may be removed 
by prolonged boiling of the aqueous solutions of the products. 

Reference Solution A . Prepare a solution in Toluene containing 
2.500 g/kg of benzene. If the Toluene available contains benzene as the only 
iitpurity, the benzene level can be determined by gas chromatography and 
sufficient benzene added to bring the level to 2.500 g/kg. 

Reference Solution B . Prepare a solution containing 0.63% v/w of acetone 
in water. 

Sample Preparation A (all solvents except methanol) . Place 50.0 g of the 
sample, 1.0 ml of Reference Solution A, 10 g of anhydrous sodium sulfate, 
50 ml of water, and a small amount each of Detergent and Antifoam in a 250-ml 
round-bottom flask with a 24/40 ground glass neck. Attach the Distilling 
Head, a 400-mm water-oooled condenser, and a receiver, and collect 
approximately 15 ml of distillate. Add 15 g of anhydrous potassium carbonate 
to the distillate, cool while shaking, and allcw the phases to separate. All 
the solvents except methanol will be present in the toluene layer, which is 
used in the Procedure. Draw off the aqueous layer for use in Sauple 
Preparation B. 
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Sample Preparation B (methanol only) . Place the aqueous layer obtained 
fran Sample Preparation A in a 50-ml round-bottom distilling flask with a 
24/40 ground-glass neck, add a few boiling chips and 1.0 ml of Reference 
Solution B, and collect approximately 1 ml of distillate, which will contain 
any methanol from the sample, together with acetone as the internal standard. 
The distillate is used in the Procedure. 


Procedure 


Use a gas chromatograph equipped with a hot-wire detector and a suitable 
sample- inject ion system or on-column injection. Under typical conditions, the 
instrument contains a 63 mm (od) x 183 to 244 an column maintained 
isothermally at 70* to 80“ . The flew rate of dry carrier gas is 50 to 80 ml 
per min and the sample size is 15 to 20 /il (for the hot-wire detector) . 

The column selected for use in the chromatograph depends on the 
components to be analyzed and, to a certain extent, on the preference of the 
analyst. The oolumns 1, 2, 3 and 4, as described under Toluene, may be used 
as follows: 

(1) This column separates acetone and methanol from their aqueous solution. 
It may be used for the separation and analysis of hexane, acetone, and 
trichloroethylene in the toluene layer fron Sample Preparation A. The 
elution order is acetone, methanol, and water, or hexane, acetone, 
isopropanol plus dichloromethane, benzene and trichloroethylene plus 
toluene. 

(2) This column separates dichloromethane and isopropanol. The elution order 
is hexane plus acetone, dichloromethane, isopropanol, benzene, 
trichloroethylene, and toluene. 

(3) This is the best general purpose column, except for the determination 
of methanol. The elution order is hexane, acetone, benzene, and toluene. 

(4) This column is used for the determination of methanol, which elutes just 
after the large water peak. 

Calibration 


Determine the response of the detector for known ratios of solvents by 
injecting known mixtures of solvents and benzene in toluene. The levels of the 
solvents and benzene in toluene should be of the same magnitude as they will 
be present in the sanple under analysis. 

Calculation 


Calculate the areas of the solvents with respect to benzene, and then 
calculate the calibration factor, F, as follows: 


F (solvent) 


weight solvent 
weight benzene 


area of benzene 
area of solvent 


The recovery of the various solvents from the sample, with respect to 
the recovery of benzene, is as follows: 
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hexane - 52% 
acetone - 85% 
isopropanol - 100% 
dichloromethane - 87.5% 
trichloroethylene - 113% 
methanol - 87% 

Calculate the mg/kg of residual solvent (except methanol) by the 
formula: 

Residual solvent , 43.4 x Ff solvents x 100 x area of solvent 
% recovery of solvent area of benzene 

in which 43.4 is the mg/kg of benzene internal standard, related to the 50 g 
sample taken for analysis. Calculate the mg/kg of residual methanol by the 
formula: 

Residual methanol 100 F x area of methanol 
0.87 area of acetone 

in which 100 is the concentration in mg/kg of acetone internal standard, 
related to the 50 g sample taken for analysis, and F is the calibration factor 
for methanol determined by using known mixture of methanol and acetone. 


RESIDUAL SOLVENT LIMIT TEST 


Introduction 

This procedure is to give general guidance for the application of Gas 
Liquid Chromatography (GLC) to determine the qualitative composition and the 
Limit Test of solvents residues in various food additives. Many solvents can 
be used in the extraction or purification of these substances. This is not a 
general method, but only a description of sane characteristic conditions Which 
may be used. 

Apparatus 

The method given relates to the ordinary equipement used for GLC (See 
General Methods*) employing a packed column and a flame-ionization detector. 
Arry apparatus giving efficiency and resolution for the specific solvents is 
suitable. 

An appropriate head space* analyzer may be used. Head space 
chromatography provides a rapid and an accurate test to evaluate solvent 
residues. Quantitative determinations are carried out by calibration with an 
internal standard method or by the method of known addition of the solvent to 
be detected. It is also sometimes possible to carry out the determination by 
calibration with an external standard method, and for routine analysis to 
carry out a limit test. 


* See Headspace Gas Chromatography under 
Analytical Techniques in this volume (page 24) . 


Chronatography in General 
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Reagents 

carrier gas : Inert gas (nitrogen, helium, argon, etc.) thoroughly dried 
and containing less than 10 mg/kg of oxygen. 

Auxiliary gases : 1) Hydrogen (99.9% min) free from organic impurities, 
and 2) air or oxygen, free from organic impurities. 

Reference standards : Solvent or a mixture of solvents of known 

composition, similar to the matter to be analyzed. 

Determining efficiency and resolution 

Carry out the analysis of the solvent or of a mixture of the solvents 
to be detected. Choose the size of the sample, the temperature of the column 
and the carrier gas flow so that the maximum of the peak is recorded about 
10 min after the injection, and rises to three-quarters of the full scale. 

Sample preparation 

Liquid samples are directly analyzed and solid samples can be dissolved 
in an appropriate solvent or pulverized and suspended in a head space vial; 
solid samples can be also diluted in dispersing agents. 

Internal standard 

Prepare a solution containing 20 to 100 pg/ml of the standard in an 
appropriate solvent. Traces of organic solvents are commonly determined by 
GLC. A generally applicable procedure is applied with the following 
experimental conditions. 

Stationary phase : 67% P.E.G. and 33% bis (2-ethylhexyl-sebacate) applied 
at 15% on silanized silicagel, a working temperature of 60* and a flame 
ionisation detector. 


The following table gives for information some experimental conditions 
which can be adopted in each particular case. 
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Solvents 

Carrier 
Gas and 
Flew 

Injector 

Teirp. 

Column 

Detector 
Temp. "C 

Alcohols 

Ketones 

Aldehydes 

He or Nj 

140 • 

Carbcwax 20 M on chronosorb 
W, AW-CMCS 80/100 mesh 
oven 70" 

140" 

Ketones 

Alcohols 

20 ml/min 

150’ 

Carbcwax 1540 on chrcmosorb 
W, 80/100 mesh 
oven 80“ 

150" 

MIBK 

Acetone 

Isopropanol 30 ml/min 

150* 

150" 

15% carbcwax on 
chronosorb W, 80/100 mesh 

Fbrapak Q 120" 

150" 

150" 

Aromatic 

Hydrocarbons 

150' 

15% carbcwax 1500 on 
oelite 60/80 
oven 60* 

150" 

Chlorinated Nj 
Solvents 

20 ml/min 

150" 

4% OV 101 on chrcmosorb G 
AW-CMCS 80/100 mesh 
oven 60" 

FID 200" 
or 

(“Ni-ECD) 

Chlorinated 

Solvents 


see trichlorethylene, trichlorotrifluorethane 


Copyrighted material 





Copyrighted material 


109 


IV. METHODS TOR POOD OOIDURS 
CHLORIDE AS SODIUM CHLORIDE DETERMINATION 


Apparatus 

Potenticmetric titration apparatus, with silver indicator electrode, 
calomel reference electrode, and saturated potassium sulfate bridge. 

Procedure 


Weigh 0.5 - 1.0 g of the dye saitple, dissolve in 100 ml of water, and 
acidify with 5 ml of 1.5 N nitric acid solution. Place the silver electrode 
in the colour solution and connect the calomel electrode to the solution by 
means of the saturated potassium sulfate bridge. The saturated potassium 
sulfate bridge may be eliminated by using a glass electrode as the reference 
electrode; this simplifies the apparatus considerably, and the glass electrode 
is sufficiently constant to be used as a reference for this type of titration. 

Determine the chloride content of the solution by titration against the 
0.1 N silver nitrate solution, and calculate the result as sodium chloride. 
1 ml of 0.1 N silver nitrate solution = 0.00585 g of sodium chloride. 

Express the result as a percentage of the weight of sample taken. 


CHLOROFORM INSOLUBLE MATTER 


Apparatus 

- Oven, 0 - 200” range 

- Hot plate, capable of boiling carbon tetrachloride (OCl 4 ) (b.p. 76.8”) 

- Crucible, fitted with glass fiber disk 

- Vacuum flask 

- Source of vacuum 

- Desiccator 

Reagents 

- Carbon tetrachloride, reagent grade, or 

- Chloroform, reagent grade 

(These are referred to as "Solvent" in the "Procedure".) 

Procedure 


The test shall be carried out in accordance with the following 
instructions: 

Mix the prescribed weight of the saitple (W,) with 100 ml of solvent in 
a 250-ml beaker, stir and heat to boiling on the hot plate in a fume hood. 
Filter the hot solution through a weighed crucible (VI) . Transfer residue in 
the beaker to the crucible with solvent. Wash the residue in the crucible with 
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10-ml portions of solvent until washings are colourless. Place the crucible 
in oven at 100 - 150’ for 3 h; cool crucible in desiccator. Weigh cooled 
crucible (Wj) . 

Calculation 

Calculate the percent carbon tetrachloride or chloroform insoluble 
matter (PIM) in the sairple using the following equation: 

”5 - 

(%) = - X 100 

W, 

percent carbon tetrachloride or chloroform insoluble matter 
sanple. 


COLOURING MATTERS 

Identification 


PIM 

Report as 
in the original 


Many of the colours used by food manufacturers are blends of colouring 
matters of the type described in the monographs, ard same of the blends 
contain added diluent. A sirtple test to establish whether a powdered sairple 
is a single colouring matter or a physical blend of a number of colours is to 
sprinkle a very snail quantity of the powder into each of two beakers, one 
containing water and the other containing concentrated sulfuric acid. Under 
these conditions the specks of individual colouring matters can easily be seen 
as they dissolve and the test is surprisingly sensitive. 


The positive identification of individual food colours is often quite 
difficult. A large number are the sodium salts of sulfonic acids ard this 
results in their having no precise melting point or boiling point. In addition 
synthesized colours usually contain subsidiary colouring matters while 
colouring matters extracted from natural sources generally contain a number 
of different colouring principles. Identification therefore is best achieved 
by comparison of the observed properties with the properties of authentic 
commercial sairples. The principle techniques in use are chromatography and 
spectrophotometry and frequently both are required. For example, the presence 
of subsidiary colouring matters may so affect the observed spectra that 
positive identification of the principal component cannot be made. For this 
reason, it is advisable to separate the colouring matters by column, paper or 
thin layer chromatography before additional means of identification are 
attempted. 


Paper and thin layer chromatography are often very useful in 
identification of colouring matters and do not require expensive equipment. 
But it must be kept in mird that the R, -value of a substance is only 
theoretically a constant. In practice many factors, most of which are beyond 
control, have such an important influence that the R, -values became a very 
unreliable quantity. These factors include: compos it ion and age of the solvent 
mixture, concentration of solvent vapour in the atmosphere, quality of the 
paper, machine direction, kind and quality of subsidiary substances, 
concentration, pH-value of the solution, ard tenperature. For this reason, 
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oaiparative chrcratography should always be used. By simultaneous running of 
several substances of similar concentration a number of these factors are 
eliminated. 

Coincidence of migration distances with a single solvent system should 
be looked upon only as cne criterion of identity and further tests should be 
made for securing the finding. 

Hie following table contains examples of the R, -values that may be 
expected when 1% aqueous solutions of various colouring matters are subjected 
to thin layer chromatography on Silica Gel G in ten different solvent systems. 
The ocnpositicns of the solvent systems, all of which must be freshly 
prepared, sire: 

Solvent No. 

1 iso- Propanol : ammonia (sp.gr. 0.880) :water (7:2:1) 

2 iso-Butanol: ethanol: water rannonia (sp.gr. 0.880) (10:20:10:1) 

3 Saturated aqueous potassium nitrate solution 

4 Phenol: water (4:1, w/v) 

5 Hydrochloric acid (sp.gr. 1.18):water (23:77) 

6 Trisodium citrate :an*nonia (sp.gr. 0.880) :water (2g:15ml:85ml) 

7 Acetone : ethylmethylketone : ammonia (sp.gr. 0.880) :water 

(60:140:1:60) 

8 n- Butanol : ethanol : pyridine : water (2:1:1:2) 

9 iso-Prcpanol:aniiionia (sp.gr. 0.880) (4:1) 

10 n-Butanol: acetic acid (glacial) :water (10:5:6) 

Assess m ent of the colour shade should be made while the chromatograms 
are still moist with solvent and then again after drying. The shade should be 
assessed in incident and transmitted daylight as well as in UV light. In 
ultraviolet light many colouring matters show characteristic colour changes. 
Furthermore, it is thus often possible to trace colourless fluorescent 
inpurities. If possible, two W emitters which yield different wave lengths 
should be used; one lamp should emit around 250 nm. 

Tests with acids, alkalis and other suitable reagents, in order further 
to safeguard the results, should be made. All tests may be carried out with 
fine capillary pipettes on each colour spot. 

The following requirements should be met when identifying colouring 
matters: 

- equal migration distances in several solvents; 

- equal shade in daylight and ultraviolet light; 

- equal colour changes with reagents. 

Spectrcphototnetxic methods of examination are among the most useful 
means of identification of colouring matters. Ultraviolet, visible, and 
infrared regions are all employed. 

The visible region of the spectrum is ordinarily examined as the first 
step in attaipting to identify an unknown colouring matter. Many colouring 
natters show characteristic absorption in the visible region while others do 
not. Spectra in the ultraviolet region may also be of use, and should be 
obtained if possible. 
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Infrared absorption spectra often offer the best means of identification 
of various compounds, but there are sane difficulties in the practical use of 
the methods. 

In the application of visible ard ultraviolet spectrophotometry, spectra 
should always be obtained in more than one solvent, or if in a single solvent, 
under various conditions. Spectra of water solutions should be obtained under 
neutral (buffered with ammonium acetate) , acid (0.1 H hydrochloric acid) , and 
alkaline (0.1 N sodium hydroxide) ocnditions. 

Absorption spectra are ordinarily plotted as charts, showing the 
absorbance at all wavelengths. Examination of the resulting curves should 
include more than location of the wave length of maximum absorption. Hie 
entire curve should be carefully inspected to determine the particular shape 
of the curve since "shoulders" or inflection points may be the most 
characteristic and useful features of the absorption spectra. These features 
often mate it possible to distinguish between two or more colouring matters 
that have absorption maxima at the same wavelength. Many colouring matters 
can be definitely characterized by observing the extent to which the 
absorption maxima and other features of the absorption curve Eire changed by 
variation in pH or by other charges in the solvent. 

Infrared spectra can be obtained in several ways; the more oatronly used 

are: 

- spectra of solutions of the material in suitable solvents; 

- spectra of suspensions of the material in a suitable liquid; 

- the potassium bromide pellet tehcnique (a small amount of the 
oolouring matter, usually from 1 to 3 mg, is thoroughly mixed with pure, 
dry potassium bromide, the mixture is transferred to a suitable die and 
pressed into solid form by exerting a pressure of 700 to 1,400 
kg/ square cm) . 

The spectra obtained are plotted in the usual way. Salient features of 
the resulting curves are the wavelength at which absorption peaks occur, and 
the shape of the curves near the peaks. 

Detailed discussion of the interpretation of infrared spectra is beyond 
the scope of this brief statement. It must be pointed out, however, that care 
must be taken to ensure that absorption peaks due to inorganic contaminants 
are not considered as due to the oolouring matter. 

The crystal structure or other physical state of the sanple may affect 
the spectra obtained from suspensions or pxtassium bromide pellets. It is 
necessary to mate certain that the unkncwn material has been treated in 
exactly the same manner as was the standard or known sample. Water soluble 
colouring matters can often be handled by dissolving the materials in water, 
adding a little acetic acid, evaporating to apparent dryness, and then drying 
at about 100' to remove the residual water. All materials to be tested should 
be free from water or other solvent before an infrared spectrum is obtained. 
Water and all organic solvents absorb infrared radiation. 

As an example of the use of infrared spectra, two of the colouring 
matters, one of which is listed in this publication, may be mentioned. Sunset 
Yellow and Orange GGN have absorption spectra in the visible region and in the 
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ultraviolet region so nearly identical that they cannot be distinguished 
through examination in these regions. Their infrared spectra, however, are 
quite different in the region of the spectrum in which the sulfonic acid 
groups absorb strongly. 


In sane instances, chromatographic procedures, spectrophotcmetric 
procedures, and any combination of the two may fail to give positive 
identification. In such cases, the problem nay often be solved by reducing the 
colouring matter or otherwise degrading the conpourri and identifying the 
resulting products. This technique is particularly applicable to azo colouring 
matters. The amino ccrpounds resulting from the reduction can frequently be 
readily identified by chromographic and spectrophotarnetric techniques. 

Many other techniques have been applied to identification of colouring 
matters. Their description here will not be undertaken, but one example will 
be cited. Many pigments have definite crystalline structure and can be 
identified by X-ray diffraction patterns, or by optical crystallography. Seme 
colouring matters can be converted to crystalline derivatives and similarly 
identified. 


Total Oontent 


TWO general methods are used for determination of total colouring 
matters content: 

Spectrophotcmetric comparison 
and 

Titanous chloride reduction 


When using the spectrophotcmetric method it should be remembered that 
many makers of spectrophotometers do not guarantee accuracy greater than ± 1% . 
All colours present in the saaple which have their absorption peak in the 
region of that of the nain colour will contribute to the absorbance figure 
used to calculate the results. Subsidiary colouring matters of markedly 
different hue will not be accounted for by this technique. In the ideal 
situation the spectrophotometer would be used to make side-by-side oenparisen 
of the sanple and a standard of known colouring content. The use of a 
generally accepted absorptivity figure in place of the standard itself is 
considered to be somewhat less satisfactory, but in the case of a number of 
colours it is recognized that there is no practical alternative. 

In the titanous chloride method the assunption is made that isomers and 
subsidiaries have the same titanous chloride equivalent as the main colouring 
matter. 


Total Oontent bv Spectrophotometry 


Two experimental procedures are described. They differ oily in detail, 
cirri in both the calculation makes use of the absorptivity figure quoted in the 
colour specification. 


The first is typical of the type used for water soluble colouring 
matters; the second is suitable for solvent soluble colouring matters, 
especially the synthesized carotenoids. (The solutions prepared in the second 
procedure are used in the identification tests for the carotenoids.) 
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Principle 

The absorbance of a solution of the colouring matter is determined at 
its wavelength of maximum absorption and compared with a standard absorptivity 
figure. 

Apparatus 

- Spectrophotometer capable of accurate (± 1% or better) measurement of 
absorbance in the region of 350 - 700 nm with an effective slit width 
of 10 nm or less. 

- Absorption cells, 1 cm light path. 

Reagents 

Freshly distilled water or the solvent prescribed in the specification 
for the colour. 


Procedure 1 


Accurately weigh 0.25 g (+ 0.02 g) of the sample. Transfer to a 1,000-ml 
volumetric flask. Add freshly distilled water or the prescribed solvent and 
swirl to dissolve. Make up to volume and mix. Dilute to a solution of suitable 
strength according to the details given in the colour specification. Determine 
the absorbance (A) at the wavelength of maximum absorbance in a 1 cm cell. 

Calculation 

Calculate the total colouring matters content of the sample using the 
following equation: 


% total colouring matters . A 


Vol x 100 
w 


where 


Vol 


absorbance of the sample 

specific absorbance of the standard (from the colour 
specification) 

dilution factor ( Volume diluted to ) 

Volume measured 


weight of sample taken 


Procedure 2 

Accurately weigh about 0.08 g (= w) of sample in a 100-ml volumetric 
flask (= V,) and dissolve by shaking briefly with 20 ml pure, acid-free 
chloroform. Make sure that the solution is clear. Make up to volume by the 
addition of pure Cyclohexane. Pipet 5.0 ml of the solution (= v,) into a 
100 ml volumetric flask (= V 2 ) and make up to volume with Cyclohexane. 
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Similarly, dilute 5.0 ml of this solution (= v 2 ) to 100 ml (= Vj) and 
measure the absorbance at the absorbance maximum (= A) against Cyclohexane as 
a blank, using 1 cm cells. Calculate the total colouring matters content 
according to the following formula: 


% total colouring matters = 



' V 3 
• Aim 


where 


A = absorbance of the sample solution at the wavelength of 
maximum absorption 

V, = volume of first volumetric flask (= 100 ml) 

V 2 = volume of second volumetric flask (= 100 ml) 

V 3 = volume of final volumetric flask (= 100 ml) 
v, = volume of first pipet (= 5 ml) 
v 2 = volume of second pipet (= 5 ml) 
w = weight of sanple in g 
aL = specific absorbance of the standard 


Complete the determination promptly, avoiding exposure to air insofar 
as possible, and undertaking all operations in the absence of daylight. 

Procedure for lakes 


Procedure 1, above, can be adapted in the following manner for the 
determination of the total colouring matter content of lakes. 

Prepare pH 7 phosphate buffer in the following way: 

Dissolve 13.61 g of potassium dihydrogen phosphate in water and dilute 
to 1,000 ml. Add about 90 ml of N sodium hydroxide. Determine the pH using a 
pH-meter and make any fine adjustment of the pH to 7.0 using approximately 
0.1 N sodium hydroxide or diluted phosphoric acid. 

Accurately weigh a quantity of lake which will give an absorbance 
approximately equal to that of the parent oolour when the latter is tested 
according to Procedure 1, above. Transfer to a beaker containing 10 ml 
hydrochloric acid diluted to approximately 50 ml with water. Heat with 
stirring to dissolve the late, then cool to ambient tenperature and dilute to 
exactly 1,000 ml with pH 7 phosphate buffer. Then proceed as detailed in 
Procedure 1, above, and in the oolour monograph, using pH 7 phosphate buffer 
as the solvent. 

Total Content by Titration with Titanous Chloride 

Apparatus 

- Carbon dioxide generator, e.g. a Kipp apparatus. 

- Titration apparatus, as shewn in the Figure, comprising an aspirator 
and a burette fitted with a double-oblique tap and side arm. The 
aspirator is closed at the top by a rubber stepper with two holes, 
through one of which passes a glass tube connected to the carbon dioxide 
generator. Through the second hole passes a glass tube connected to the 
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top of the burette. The side arm of the burette is connected to the 
bottom of the aspirator. 

- 500 ml conical flask with CX^ inlet tube. (When carrying out 
titrations with titanous chloride, ensure that the tip of the burette 
is always inside the neck of the flask. ) 


JJ 

TO. f 

Sotubon 


Apparatus for storing titanous chloride solution 


Procedure 


Preparation of 0.1 N titanous chloride solution . Measure into a large 
round flask a volume of 15% titanous chloride solution containing 15.5 - 
16.5 g of titanous chloride for each litre of solution required. Add 100 ml 
of hydrochloric acid (sp.gr. 1.16 - 1.18) for each litre of solution required. 
Boil the mixture for 1-2 min and then pour it into cold water. Mate up the 
required volume in the aspirator, mix well, and preserve the solution in an 
atmosphere of carbon dioxide. Cover the solution with a layer of liquid 
paraffin (about 0.6 cm deep) . 

standardization of titanous chloride solution . Weigh 3 g of ammonium 
ferrous sulfate ( (NH^^SO^ FeS0 4 -6^0] into a 500 ml conical flask, and pass a 
stream of cartxon dioxide through the flask continuously until the end of the 
determination. Add 50 ml of water and 25 ml of 10 N sulfuric acid solution, 
then 30 ml of 0.1 N potassium dichromate solution, accurately standardized. 
Titrate with the titanous chloride solution until the calculated end point is 
nearly reached. Add 5 ml of a 20% ammonium thiocyanate solution and continue 
the titration until the red colour is discharged and the solution remains 
green. Carry out a blank determination on 3 g of ammonium ferrous sulfate, 
using the same quantities of water, acid and ammonium thiocyanate solution and 
passing a continuous current of carbon dioxide through the flask as before. 

The factor for 0.1 N titanous chloride solution is: 

F , 22 

ml (corrected) of titanous chloride solution required 
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Determination of total colouring matter content of sample . Accurately 
weigh the quantity of the colour sanple specified in each monograph into a 
500 ml flask and add 10 g of sodium citrate or 15 g of sodium hydrogen 
tartrate, as specified in each monograph, and 150 ml of water. Pass a stream 
of carbon dioxide through the flask, heat the solution to boiling, and titrate 
with standardized titanous chloride solution, maintaining a steady flow of 
carbon dioxide. Towards the end of the titration, add the titanous chloride 
solution drcpwise to the end point. The colour will act as its own indicator 
unless otherwise stated in the appropriate monograph. 


% total colouring matters . A x D x 100 x F 


weight of sample 


where A = ml of 0.1 N titanous chloride solution required (corrected) 
D = weight of colouring matters equivalent to 1.00 ml of 0.1 H 
titanous chloride solution (specified in each monograph) 


Procedure for lakes 


Add 150 ml water to the 500 ml conical flask and dissolve in it the 
buffer prescribed for the parent colour. Accurately weigh a quantity of lake 
equivalent to 35-40 ml of 0.1 N titanous chloride and transfer it to the 
conical flask. Heat to boiling or until the lake has completely dissolved. 
Titrate with titanous chloride solution in the manner described under 
Procedure, above. 


Method of A ssa y of Certa i n Pood Oolours (Tentative*) 


Procedure 


Dissolve an amount of the colour equal to the value of (p) in the table 
below, in ammonium acetate (1.542 g in 1 L HjO) ; dilute 1 ml of this solution 
to 100 ml with the same solution of ammonium acetate. 

Under the same conditions, prepare a test solution with (p 1 ) mg of the 
reference colour. 

Determine by visible spectrometry at the wavelength of the reference 
colour ± 5 nm, the absorbance of the test solution (A,) and the reference 
solution (Aj) . 

Calculate the percentage content of the colour in the examined sample 
frcm expression: 

A, x p' x T 


A 2 x p 

Where T = concentration (%) of pure colour in the reference colour. 


Comments are invited on the use of this method as an alternative. 
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Ej-.B— 

^ nm 

C.I. 

Azorubine 

160 mg 

561 nm 

14720 

Brillant blue PCF 

40 mg 

630 nm 

42900 

Patent blue V 

50 mg 

640 nm 

42051 

Ponceau IV R 

170 mg 

507 nm 

16255 

Erythrosine 

75 mg 

525 nm 

45430 

Indigotine 

150 mg 

612 nm 

73015 

Sunset Yellow 

150 mg 

480 nm 

15985 

Quinoline Yellcw 

100 mg 

416 nm 

47005 

Brillant black 

150 mg 

573 nm 

28840 

Tartrazine 

150 mg 

426 nm 

19140 


subsidiary colouring Matter Content 

General Note 

For many years paper chromatography has been used for determining the 
subsidiary colouring matter content of water-soluble food colours. In the 
commonly used version of this well-established technique the assumption is 
made that the absorptivities of subsidiary colouring matters are similar to 
that of the main colouring matter. Accordingly, standards of individual 
subsidiary colour matters are not required. 

HFLC has been used successfully to separate and determine the subsidiary 
colouring matter contents of a number of food colours, including sane of the 
water soluble ones. Standards of individual subsidiary colouring matters cure 
needed for this method. However, it should be remembered that specification 
limit figures are, unless otherwise stated, linked to the paper 
chromatographic method and the conditions referred to under "Tests". 

Definition 


Subsidiary colouring matters are defined as those colouring matters that 
are produced during the manufacturing process in addition to the principal 
named colouring matter(s) . Any colouring matters other than the principal and 
subsidiary colouring natters are considered to be adulterants and their 
presence is usually detected on the chromatograms used to determine subsidiary 
colouring matters. Interpretation of the chromatograms for adulterant colours 
usually requires sane experience. 

Determination by Paper Chranatogr aphy 

Principle 

The subsidiary colouring matters are separated from the main colouring 
matter by ascending paper chromatography and are extracted separately from the 
paper. The absorbance of each extract is measured at its wavelength of maximum 
absorbance in the visible spectrum. 

Because it is impractical to identify each subsidiary colouring matter 
in each food colour, an approximate method of expressing them as a percentage 
of the sanple has been adopted. The assumption is made that the absorptivity 
of each subsidiary colouring matter is the same as that of the total colouring 
matters. The absorbances of the extracts are added together and used in 
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conjunction with the absorbance of the sample and its total colouring matters 
content to calculate the subsidiary colouring natters content. This is 
considered to be a sufficiently close approximation for the determination of 
a minor component. 


Apparatus 

- Chromatography tank and ancillary equipment. 

Suitable apparatus is shown in Figs. 1 and 2 and comprises: 

• a glass tank (A) and cover (B) ; 

■ a supporting frame (C) for the chrcmatography paper sheets; 

• a tray (D) for chrcmatography solvent; 

• a secondary frame (E) supporting "drapes" of the filter paper; 

■ sheets of chromatography grade paper not less than 20 cm x 20 cm 
(Whatman No. 1 Chrcmatography grade paper is suitable) . 

- Microsyringe, capable of delivering 0.1 ml with a tolerance of 
± 0.002 ml. 

- Spectrophotometer. 

Procedure 


Not less than 2 hours before carrying out the determination, arrange the 
filter-paper drapes in the glass tank and pour over the drapes and into the 
bottom of the tank sufficient of the chromatography solvent to cover the 
bottom of the lank to a depth of approximately 1 on. Place the solvent tray 
(D) in position and fit the cover to the tank. 


Mark out a sheet of chrcmatography paper as shewn in Fig. 3. Apply 
0.10 ml of a 1.0% aqueous solution of the sauple as uniformly as possible 
within the confines of the 18 on x 7 ran rectangle, holding the nozzle of the 
microsyringe steadily in contact with the paper. Allcw the paper to dry at 
room temperature for 1-2 hours or at 50' for 5 min, followed by 15 min at 
roan tenperature. Mount the sheet, together with a plain sheet to act cis a 
blank, in frame (C) . 


Pour sufficient of the chrcmatography solvent into the tray (D) to bring 
the surface of the solvent about 1 am below the base line of the chromatogram 
sheet. The volume necessary will depend on the dimensions of the apparatus and 
should be predetermined. Put frame (C) into position and replace the cover. 
Allow the solvent front to ascend the specified distance above the base line, 
then remove frame (C) and transfer it to a drying cabinet at 50* - 60 - for 
10 - 15 min. Remove the sheets from frame (C) . 


(If required, several chromatograms may be developed simultanecwsly. ) 


CXit each subsidiary band from the sheet as a strip, and cut an 
equivalent strip from the corresponding position of the plain sheet. Place 
each strip, subdivided into a suitable number of approximately equal portions, 
in a separate test tube. Add 5.0 ml of water : acetone (1:1 by vol) to each test 
tube, swirl for 2-3 min, aid 15.0 ml of 0.05 N sodium hydrogen carbonate 
solution and shake the tube to ensure mixing. Filter the coloured extracts and 
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Miter paper drape. 
Chrona tography paper 


Supporting frame (C) 


Mire frame (E) 
Solvent tray (D) 



Glass cover (6) 


Glass tank (A) 


FIGURE 1. ASSEMBLY OF CHROMATOGRAPHY APPARATUS 


Glass cover (B) 


Mire frame {£) 



-Glass tank (A) 

Solvent tray (0) • 

FIGURE 2. COkfONEHTS OF CHROMATOGRAPHY APPARATUS 



FIGURE 3. METHOD OF MARKING OUT CHROMATOGRAPHY PAPER 


blanks through 9 cm filter papers of open texture and determine the 
absorbanoes of the coloured extracts at their wavelengths of maximum 
absorbance, using 40 mm closed cells, against a filtered mixture of 5.0 ml of 
water: acetone (1:1 by vol) and 15.0 ml of the 0.05 N sodium hydrogen carbonate 
solution. Measure the absorbances of the extracts of the blank strips at the 
wavelengths at which those of the corresponding coloured extracts were 
measured and correct the absorbances of the coloured extracts with the blank 
values. 


To prepare the "standard", proceed as follows: 


From the 1.0% solution of the sample prepare a solution corresponding 
to 1/100% where L = the Subsidiary Colouring matters limit. Apply 0.10 ml of 
this solution to a sheet of chromatography paper by the technique outlined 
above, run a chromatogram, and then dry it at 50-60* for 10-15 min. Cut the 
band from the sheet as a strip and cut an equivalent strip from a plain but 
'marked sheet. Proceed as detailed previously and determine the net absorbance 
(Aj.) of the standard. Calculate the percentage of Subsidiary Colouring matters 
from: 
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% Subsidiary Colouring matters 


\ + \ + \ 


x L « D 
100 


where \ + t\. . . = the sum of the absorbances of the 

Subsidiary Colouring matters corrected for 
the blank values; 

D = the total colouring matters content of the 
sample. 

Chromatography solvents 

1. Water: anronia (sp.gr. 0.880) :trisodium citrate (95 ml:5 ml: 2 g) 

2. n- Butanol : water : ethanol : aitmonia (sp.gr. 0.880) (600:264:135:6) 

3. Butan-2-one : acetone : water (7:3:3) 

4. Butan-2-one : acetone : water : ammonia (sp.gr. 0.880) (700:300:300:2) 

5. Butan- 2 -one : acetone : water : ammonia (sp.gr. 0.880) (700:160:300:2) 

6. n-Butanol: glacial acetic acid: water (4:1:5) 

Shake for 2 min, allcw layers to separate. Use the upper layer as the 
chromatography solvent. 


Identification and Rapid rim-it T est by Thin- Laver Chromatography {Tentative*) 

Principle 

The coloured inpurities are determined by Thin-Layer Chromatography 
(T.L.C.) on a silica gel plate. 

Preparation of solutions 


Solution 1 : Dissolve 40 mg of the food colour under test in a mixture 
of methanol/water (50/50) and dilute to 10 ml with the same solvent. 


Solution 2 : Dilute 0.1 to 0.5 ml** of solution 1 to 10 ml with the 
mixture of methanol/water (50/50) . 


Solution 3 (standard solution) : Dissolve 40 mg of the corresponding 
standard food dye in a mixture of methanol/water (50/50) and dilute to 10 ml 
with the same solvent. 


Procedure 


Spot 5 jil each of the solution 1, solution 2 and the standard solution. 
Place the plate in a developing chamber containing n-butanol/ethano 1/water 
/Ammonia TS (50/25/25/10) and allcw the solvent to ascend to a point 15 cm 
above the sample spots. 

The major spots appearing on chromatograms 1 and 3 migrate 
approximatively to the same Rf. Any other spots appearing on chrcmatogram 1 
are not more than the major spot appearing on chrcmatogram 2. 


Cements are invited on the use of this method as an alternative. 
Corresponding to the limit of coloured inpurities or subsidiary colours 
tolerated in the food colour examined (1 to 5%) . 
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Remarks 

Sometimes it is possible to eluate the spots on chromatogram 1 and to 
carry out an approximate assay. In this case, the procedure described in Food 
and Nutrition paper 31/1 (1984) page A. 10 can be modified as following: 

"Scratch each subsidiary spot fran the plate and scratch equivalent spot 
from the corresponding position of the plain plate. Place each ..." 


ETHER EXTRACTABLE MATTER 


METHOD I 

Appa ratu s 

Upward displacement type liquicVliquid extractor with sintered glass 
distributor, working capacity 200 ml. A piece of bright copper wire is 
suspended through the condenser end a small ooil of copper wire (0.5 g) is 
placed in the distillation flask. 

Ether 


Diethyl ether or di isopropy lether . 

Immediately before use the freshly distilled ether should be passed 
through a 30 an column of chromatography grade aluminum oxide in order to 
remove peroxides and inhibitors. Test to ensure the absence of peroxides, as 
follows: 

Prepare a colourless solution of ferrous thiocyanate by mixing equal 
volumes of 0.1 N solutions of ferrous sulfate and anmonium thiocyanate 
and carefully discharging any red colouration, due to ferric ions, with 
titanous chloride. To 50 ml of this solution add 10 ml of ether and 
shake the mixture vigorously for 2-3 min. No red colour should develop. 

Procedure 

(i) Alkaline ether extract , weigh accurately about 5.0 g 1 of the colour 
sanple, dissolve in 150 ml of water, add 2.5 ml of 2 N sodium hydroxide 
solution and transfer the solution to the extractor, diluting to approximately 
200 ml with water in the process. Add 200 ml of ether to the distillation 
flask and extract for 2 h with a reflux rate of about 15 ml/min. Reserve the 
colour solution. Transfer the ether extract to a separatory funnel and wash 
the ether extract with two 25-ml portions of 0.1 N sodium hydroxide and then 
with water. Distil the ether in portions from a tared 150-ml flask containing 
a clean copper coil, reducing the volume to about 5 ml. 


Seme colours have solubilities of less than 5 g/150 ml and the use of 
a lewer weight is prescribed in the Colour Specification under TESTS. 
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(ii) Acid ether extract . To the colour solution reserved from (i), add 
5 ml of 3 H hydrochloric acid, mix and extract with a further quantity of the 
ether as in (i). Wash the ether extract with two 25-ml portions of 0.1 N 
hydrochloric acid and then with water. Transfer in portions to the flask 
containing the evaporated alkaline extract and carefully evaporate all the 
ether. Carplete the drying in an oven at 85" for 20 min, then allow the flask 
to cool in a desiccator for 30 min and wei^i. Repeat the drying and cooling 
until constant weight is obtained. The increase in weight of the tared flask, 
expressed as a percentage of the weight of sarrple taken, is the "ether 
extractable matter". 


METHOD II 


Apparatus 

Sctxhlet extractor. A piece of bright copper wire is suspended through 
the condenser and a small coil of copper wire (0.5 g) is placed in the 
distillation flask. 

Ether 


Diethylether or diiscprcpylether. 

Purify the ether as directed in METHOD I. 


Procedure 


Weigh accurately about 2 g of the colour sanple. Transfer to the Soxhlet 
thimble and extract with 150 ml ether for 5 h. Concentrate the ether extract 
an a steam bath to about 5 ml. Dry the residue in a tared evaporating dish on 
a water bath and then dry at 105* until a constant weight is obtained. 

The increase in weight of the evaporating dish, expressed as a 
percentage of the weight of sanple taken, is the "ether extractable matter". 


HYDROCHLORIC ACID INSOLUBLE MATTERS IN LAKES 


Reagents 

- Concentrated hydrochloric acid 

- Hydrochloric acid 0.5% v/v 


Procedure 


Accurately weigh approximately 5 g of the lake into a 500 ml beaker. Add 
250 ml water and 60 ml concentrated hydrochloric acid. Boil until all the 
colour and alumina has dissolved. Filter through a tared No. 4 sintered glass 
crucible. Wash the crucible with hot 0.5% hydrochloric acid until the washings 
are colourless. Dry the crucible to constant weight at 135*. 


Express the weight of residue 


as a percentage of the weight taken. 
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LEUCJO BASE IN SULEHONATED TRIARYIMETHANE CJOIOURS 

Principle 

Air is blown thrombi an aqueous solution containing the chloride and 
dimethyl formamide. Under these conditions the leuoo base is oxidized to 
colouring matters and the increase in absorptivity is a measure of the amount 
of leuoo base originally present. 

Reagents 

Dimethyl formamide (CMF) 

Solution A: Weigh 10.0 g of CuClj ■ 2HjO and dissolve in 200 ml of CMF. 

Transfer to a 1-L volumetric flask and make up to the mark 
with DMF. 

Solution B: Accurately weigh the specified quantity of sample. Dissolve 
in approximately 100 ml water, transfer quantitatively to 
a l-L volumetric flask and make up to the mark with water. 

Procedure 

Prepare the following solutions: 

Solution a: Pipet 50 ml CMF into a 250-ml volumetric flask. Cover with 
parafilm and place in the dark. 

Solution b: Accurately pipet 10 ml of Solution B into a 250-ml 
volumetric flask. Add 50 ml CMF. Cover with parafilm and 
plaoe in the dark. 

Solution c: Pipet 50 ml of Solution A into a 250-ml volumetric flask. 

Bubble air through this solution for 30 min in the following 
manner: 

Insert a 5 ml pipette into a box attached to a bench air 
flew source. Turn on the air, slcwly. Stick the pipette down 
into the solution in the flask and adjust the air flew to 
a rapid but controlled rate. After 30 min pull the pipette 
up out of the solution and rinse the sides of the pipette 
into the flask with water from a wash bottle. Then turn off 
the air flow. 

Solutions 

d, and dj : Accurately pipet 10 ml Solution B into 2 separate 250-ml 
volumetric flasks in the same manner as used for Solution 
b. Add 50 ml Solution A to each flask. Bubble air thrombi 
the solutions for 30 min, using the above method. 

After 30 min of rapid bubbling of air through the solutions, dilute all 
5 flasks nearly to volume with water. Heat is evolved when CMF and water are 
mixed, so plaoe the flasks in a water bath of tap water until they have cooled 
to room temperature. Do not leave them for longer than necessary; 5-10 min 
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are normally enough. Bring accurately to volume with water. Run the solutions 
on the spectrophotometer immediately. The entire procedure should be completed 
as quickly as possible. 

Spectrochotcmetric Determination 

Draw the following curves from 700 - 500 nm using an absorbance range 
of 0.1 and 1 cm cells. Run all curves on the same spectrogram, and (for 
maximum accuracy) take readings off the numerical display at the maximum 
between 620 and 635 nm by cranking back after the curve is drawn. 

Reference Sample 

Curve Cell Cell Comments 


1 


a 


2 


a 


3 c 


4a c 


4b c 


a Set zero at 700 nm, run curve; 

record absorbance at Abs std for 
colouring matter 

b Run curve without readjusting zero 

setting; record absorbance at 

maximum 

c Set zero at 700 nm; record 

absorbance at Abs std for colouring 
matter 

d, Run curve without readjusting zero 

setting; record absorbance at 

maximum 

dj Run curve without readjusting zero 

setting; record absorbance at 

maximum 


(d, and dj are duplicate determinations) 

Note : Cells must be thoroughly rinsed before each run. For the flow-through 
cell, use 3 separate rinses of at least 40 ml of the sample solution to 
be run. 


Calculations 


ff4 - 3) - (2 — 1)1 x 25 x 100% . % leuoo base 

a x 1 an x mg sample x ratio 


where a 

mg sanple 

ratio 


1, 2, 3 and 4 


absorptivity of 100% colouring matters 
amount sample weighed in mg 


MW of colouring matter 
MW of leuoo base 


(given in the individual 
monographs) 


maximum absorbance of curves 1, 2, 3 and 4, 
respectively. 
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ORGANIC OOKFOUNDS OTHER THAN COLOURING MATTERS 


General Note 

For the separation and determination of uncoloured irrpurities, High 
Performance Liquid Chromatography (KPLC) has several advantages over other 
chromatographic techniques, viz. improved separations, speed (it can be 
automated) and accuracy. When determining named organic compounds a sample of 
each material likely to be encountered is needed before any particular colour 
can be analyzed. It is usual for HPLC methods to be outlined rather than 
described in detail. 

It should be remembered that HPLC is still in a period of considerable 
development. Column packing materials, capillary columns, type and sensitivity 
of detectors are seme of the aspects which are continuing to receive attention 
from the manufacturers and in due course their development may lead to the 
separation of impurities in addition to those currently listed in some food 
colour specifications. 

The method selected uses an anion exchange column but reverse phase 
columns are widely used and give excellent separations. 

The alternative (traditional) method uses column chromatography, the 
technique being to collect the eluant in fractions and use their ultraviolet 
absorption spectra to identify the ccmpounds present and to calculate their 
concentrations . 

Determination by Liquid Chromatography 

The organic ccmpounds other than colouring matters are separated by HPLC 
using gradient elution and quantitatively determined by ctmparison of their 
peak areas against those obtained from standards. The conditions prescribed 
must be treated only as guidelines and minor modifications may be needed to 
achieve the separations. 

The conditions used in performing the chromatography are given belcw: 

Instrument - Hicfi Performance Liquid Chromatograph fitted with a 

gradient elution accessory. 

Detector - A UV HPLC detector recording absorbances at 254 nm. 

Oolumn - Stainless steel, 1 m x 2.1 mm internal diameter. 

Oolumn Packing - Pellicular strong anion exchange (SAX) , e.g. , 

quaternary ammonium substituted methacrylate polymer coated 1% by 

weight. 

Sample Concentration - 2% (w/w) in 0.01 M sodium tetraborate. 

Injection Volume - 10 pi. 
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Solvent System - Primary: 0.01 M sodium tetraborate. 

Secondary: 0.01 M sodium tetraborate/0.1 M sodium 
perchlorate. 

Gradient - See individual monograph. 

Flew Rate - 1.0 ml per min. 

Temperatur e - Ambient. 


Alternative experimental conditions such as column length, types of 
column packing and solvent system, and the use of paired ion procedures, may 
produce variations in elution characteristics such as order of elution and 
resolution. 


Determination by column Chranatoaraphv 


Apparatus 


Chromatographic tube (see Figure) . Suitable spectra 
photometer for use in the ultraviolet range. 

Column Preparation 

Prepare a slurry of Whatman powdered cellulose in a 
25% ammonium sulfate (very lew in iron) solution. If other 
cellulose is used, the iron content must be very low. 

Test : Prepare column as directed and pass 200 ml of 
25% ammonium sulfate solution through it. Hie ultraviolet 
absorption of the solution mst be sufficiently lew to 
avoid interference with the intended analysis. Use about 
75 g of cellulose to 500 ml of liquid. Place a small disk 
of stainless steel gauze in the constriction above the tip 
of the tube. Pour sufficient volume of the flurry into the 
tube to give a column to a height of about 5 an in the 
mouth of the tube. Tap the tube occasionally to ensure a 
well-packed column. Wash the column with 200 ml of the 
eluant. 



Procedure 


Place 0.200 g of the colour sample in a suitable beaker and dissolve in 
20 ml of water. Add approximately 5 g of powdered cellulose. Add 50 g of 
ammonium sulfate to salt out the colour. Transfer the mixture to the 
chromatograph tube, rinse the beaker with the 25% ammonium sulfate solution 
and add the washings to the tube. Allow the column to drain until flew ceases, 
or nearly so. 


Add the ammonium sulfate solution to the column at a rate equivalent to 
the rate of the flew through the column. Collect the effluent in 100 ml 
fractions. Continue until twelve fractions have been collected. Reserve the 
column and contents until the last fraction has been examined. 
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Mix each fraction well, and obtain the ultraviolet absorption spectrum 
of each solution from 220 to 400 nm. If the spectrum of the twelfth fraction 
shews the presence of any compound, continue collecting fractions until the 
compounds present are eluted. 

Usually only me compound is encountered. Identification and 
quantitative determination is accomplished by comparison of the absorption 
spectra of the eluted material with the spectra of solutions of the pure 
compounds in the same solvent. 

When more than one compound is present in significant quantities in any 
fractions, the spectrophotometric data will so indicate. In such case, the 
amounts of the various compounds must be determined by the procedure 
customarily used in spectrophotometric analysis of mixtures of absorbing 
materials. 

Seme samples contain snail amounts of various materials, particularly 
inorganic salts, that contribute "background absorption". Correction for this 
is made as follows: 

Determine the amount of such absorption of the fraction collected from 
the column immediately before and of the fraction immediately following 
those fractions in which the compounds are encountered. Subtract one- 
half of the sum of these two determinations from the observed absorbanoe 
of the fractions containing the compounds. The remainder is taken as the 
absorbance due to the compound present. 


SULFATE AS SODIUM SULFATE 

Weigh 5.0 g of the Colour sample, transfer it to a 250-ml conical flask 
and dissolve in about 100 ml of water by heating on a water bath. Add 35 g of 
sulfate-free sodium chloride, stopper the flask, and swirl at frequent 
intervals during 1 h. Cool, transfer with saturated sodium chloride solution 
to a 250-ml measuring flask, and dilute to the mark at 20'. Shake the flask, 
and filter the solution through a dry filter paper. Pipet 100 ml of the 
filtrate into a 500-ml beater, dilute to 300 ml with water and acidify with 
hydrochloric acid, adding 1 ml in excess. Heat the solution to boiling, and 
add an excess of 0.25 N barium chloride solution, drop by drop, with stirring. 
Allow the mixture to stand on a hotplate for 4 h, or leave it overnight at 
roam temperature and then bring it to about 80° and allcw the precipitate to 
settle. Filter off the precipitated barium sulfate, wash with hot water, and 
ignite at a dull red heat in a tared crucible until a constant weight is 
obtained. 

Carry out a blank determination, apply any necessary correction to the 
weight of barium sulfate found in the test, and calculate the result as sodium 
sulfate. 

Weight of sodium 2.5 x corrected weight of 

sulfate in sample * barium sulfate x 0.6086 

Express the result as percentage of the weight of sample taken. 


Copyrighted material 



130 


UNSULHBNATED PRIMARY AROMATIC AMINES 


Principle 

Unsulfonated primary aromatic amines are extracted into toluene frcm an 
alkaline solution of the sanple, re-extracted into acid and then determined 
spectrophotcmetrically after diazotisatian and coupling. They are expressed 
as aniline unless they are known to be same other amine. 

Apparatus 

- Visible range Spectrophotometer 


Reagents 

The reagents shall be of a recognized analytical reagent quality. 
Distilled water or water of at least equal purity shall be used. 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 

9. 

10 . 


Toluene 

Hydrochloric acid, approx. M solution 
Hydrochloric acid, approx. 3JJ solution 
Potassium bromide, approx. 50% solution 
Sodium carbonate, approx. 2U solution 
Sodium hydroxide, approx. N solution 
Sodium hydroxide, approx. 0.1 H solution 

R salt ( 2 -naphthol -3 , 6-disul f onic acid, disodium salt), approx. 
0.05 N solution 

Sodium nitrite, approx. 0.5 N solution 
Standard aniline solution: 


Into a small weighing beaker weigh 0. 100 g of redistilled aniline, 
then wash it into a 100-ml one-nark volumetric flask, rinsing the 
beaker several times with water. Add 30 ml of approx. 3 M 
hydrochloric acid solution and dilute to the mark with water at 
roan temperature. Call this Solution A . 

Dilute 10.0 ml of Solution A with water to 100 ml in a one-mark 
volumetric flask and mix well. Call this Solution B ; 1 ml of this 
solution will be equivalent to 0.0001 g of aniline. (Prepare 
Solution B freshly when required.) 


Procedure 


Preparation of Calibration Grach . Measure the following volumes of 
standard aniline Solution B into a series of 100 ml one-nark volumetric 
flasks: 5 ml, 10 ml, 15 ml, 20 ml, 25 ml. 


Dilute to 100 ml with approx. N hydrochloric acid solution and mix well. 
Pipet 10 ml of each mixture into clean, dry test tubes and cool for 10 min by 
immersion in a beaker of ice/water mixture. To each tube add 1 ml of the 
potassium bromide solution and 0.05 ml of the sodium nitrite solution. Mix and 
allcw to stand for 10 min in the ice/water bath. Into each of five 25 ml 
volumetric flasks, measure 1 ml of the R salt solution, and 10 ml of the 
sodium carbonate solution. Pour each diazotised aniline solution into a 
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separate flask containing R salt solution and sodium carbonate solution, 
rinsing the test tubes with a few drops of water. Dilute to the mark with 
water, stopper the flasks, mix the contents well and allow to stand for 15 min 
in the dark. 

Measure the absorbance of each ccxjpled solution at 510 n in 40 n 
cells, using as a reference a mixture of 10.0 ml of N hydrochloric acid 
solution, 10.0 ml of the sodium carbonate solution, and 2.0 ml of the R salt 
solution, diluted to 25.0 ml with water. Plot a graph relating absorbance to 
weight of aniline in each 100 ml of aniline solution. 

Preparation and Examination of Test Solution . Weigh, to the nearest 
0.01 g, about 2.0 g of the colour sanple into a separating funnel containing 
100 ml of water, siwill dcwn the sides of the funnel with a further 50 ml of 
water, swirl to dissolve the sanple, and add 5 ml of N sodium hydroxide 
solution. Extract with two 50-ml portions of toluene and wash the combined 
toluene extracts with 10-ml portions of 0.1 N sodium hydroxide solution to 
remove traces of colour. Extract the washed toluene with three 10-ml portions 
of 3 N hydrochloric acid solution and dilute the combined extract to 100 ml 
with water. Mix well. Call this Solution T . 

Pipet 10.0 ml of Solution T into a clean, dry test tube, cool for 10 min 
by immersion in a beaker of ice/water mixture, add 1 ml of the potassium 
brcntide solution and proceed as described above for the preparation of the 
calibration graph, starting with the addition of 0.05 ml of the sodium nitrite 
solution. 

Use as the reference solution in the measurement of absorbance a 
solution prepared from 10.0 ml of the T solution, 10 ml of the sodium 
carbonate solution and 2.0 ml of the R solution, diluted to 25.0 ml with 
water. 


Read from the calibration graph the weight of aniline corresponding to 
the observed absorbance of the test solution. 

Calculation 

Percentage of unsulfonated primary aromatic amine (as aniline) in sanple 

. weight of aniline x 100 

weight of sanple taken 


WATER CONTENT (ID S3 ON DRYING) 

Colours containing -SQjNa or -OOONa groups are usually hygroscopic and 
any water they retain from their nanufacture (or subsequently adsorb from the 
atmosphere) is generally present in the colour in the form of a hydrate. When 
such colours are dried at 135 * the loss in weight may generally be equated to 
the total water content, but this is not always the case. For exanple, 
Erythrosine and Ponceau 4R each retain one molecule of water of 
crystallization at 135* and it is normal practice to take this into account 
when totalling the amounts of main components present in a sanple. 
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Procedure 


Weigh 2.0 - 3.0 g of the sanple in a tared weiring bottle fitted with 
a ground lid. A weighing bottle of squat form about 50 irm in diameter and 
30 mu hii^i is suitable. Heat at the prescribed tarperature + 5* until a 
constant weicfit is obtained. Express the loss in weight as a percentage of the 
weight of sample taken. 


WATER INSOLUBLE MATTER 

Weigh 4.5 - 5.5 g 1 of the sample into a 250 ml beaker. Add about 200 ml 
of hot water (80-90”), stir to dissolve, and allow the solution to cool to 
roan temperature. Filter the solution through a tared Grade 4 sintered glass 
filter (B.S. 1752, sintered disk filters for laboratory use) and wash with 
cold water until the washings sue colourless. Dry the filter and residue at 
135” until a constant weight is obtained. Express the weight of the residue 
as a percentage of the weight of sample taken. 


WATER SOLUBIE CHLORIDES AND SULFATES IN ALUMINUM LAKES 


Weigh accurately 10 g of the sanple. Add 250 ml of water. Stir to wet 
out the sanple and then stir occasionally during a period of 30 min. Filter. 


Measure 50 ml of the filtrate, add 50 ml water and acidify with 5 ml of 
1.5 M nitric acid solution. Determine the chloride content by the 
potentianetric method used for soluble colours. 


Measure 50 ml of the filtrate, dilute to 300 ml with water and acidify 
with hydrochloric acid, adding 1 ml in excess. Heat the solution to boiling 
and add an excess of 0.25 N barium chloride solution, drop by drop, with 
stirring. Ocnplete the analysis by digesting, filtering, and igniting the 
precipitate as described in the method used for the determination of sulfate 
in soluble colours. 


Sane colours have solubilities of less than 5 g/200 ml and the use 
of a lower weight is prescribed in the Monograph under "Tests". 
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V. METHODS FOR ENZYME PREPARATIONS 


GENERAL SPECIFICATIONS FOR ENZYME PREPARATIONS USED IN FOOD PROCESSING 
Definition 

Enzyme preparations used in food processing are usually named according 
to the substrate to which they are applied, such as protease or amylase. Sane 
traditional names are also in use, such as malt, pepsin and rennet. Active 
components consist of biologically active proteins, at times combined with 
metals, carbohydrates and/or lipids. Known molecular weights range from 
approximately twelve thousand to several hundred thousand. They are obtained 
from animal, vegetable or microbial sources and may consist of whole cells, 
parts of cells, or cell-free extracts of the source used. They may contain one 
or more active components as well as carriers, solvents, preservatives, 
antioxidants and other substances consistent with good manufacturing practice. 
They may be liquid, semi-liquid, dry or in an immobilized form (immobilized 
enzyme preparations are preparations which have been made insoluble in their 
intended food matrix by physical and/or chemical means) . Their colour may vary 
from virtually colourless to dark brown. 

Active components 

The principle activities are characterized by their systematic names and 
Enzyme Ccmmission Numbers.' 

The activity of enzyme preparations is measured according to the 
reaction catalyzed by individual enzymes and is usually expressed in activity 
units per unit weight of preparation. In commercial practice, the activity of 
the product is sometimes also given as the quantity of the enzyme preparation 
to be added to a given quantity of food for achieving the desired effect. 

Source materials 


Animal tissues used for the preparation of enzymes must comply with 
meat-inspection requirements and be handled in accordance with good hygienic 
practice. 

Plant material used in the production of enzyme preparations must 
consist of components which leave no residues harmful to health in the 
processed finished food under normal conditions of use. 

Microbial sources used in the production of enzyme preparations may be 
native strains of variants of micro-organisms, or be derived from native 
strains or variants by the processes of selective serial culture or genetic 
manipulation. They must be discrete and stable strains or variants which are 
sufficiently well characterized to enable them to be assigned unique 


Enzyme Nomenclature, Recommendations (1984) of the Nomenclature 
Committee of the International Union of Biochemistry, Academic Press 
(1984) . 
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identities as the sources of the enzyme preparations which are the subject of 
individual specifications. They must be maintained under conditions which 
ensure the absence of strain drift and when used in the production of enzyme 
preparations must be subjected to methods and culture conditions which are 
applied consistently and reproducibly from batch to batch. Such conditions 
must ensure the absence of toxin production by the source organism and prevent 
the introduction of micro-organisms which could be the source of toxic 
materials and other undesirable substances. Culture media used for the growth 
of microbial sources must consist of components which leave no residues 
harmful to health in the processed finished food under normal conditions of 
use. 


Carriers and other additives and ingredients 

The carriers, diluents, excipients, supports and other additives and 
ingredients (including processing aids) used in the production, distribution 
and application of enzyme preparations must be substances that cure acceptable 
for the relevant food uses of the enzyme preparations concerned, or substances 
which are insoluble in food and removed from the food material after 
processing. 


In the case of immobilized enzyme preparations, leakage of carriers, 
immobilization agents and active enzymes most be kept within acceptable limits 
as specified in the individual specifications. 


In order to distinguish the proportion of the enzyme preparation derived 
from the source raterial from that contributed by diluents and other additives 
and ingredients, individual specifications may require a statement of 
percentage Total Organic Solids (T.O.S.) which is defined as follows: 


% T.O.S. = 100 - (A+W+D) 


Where A = % ash, W = % water and D = % diluents and/or other additives 
and ingredients. 

Hygiene 

Enzyme preparations are produced in accordance with good food 
manufacturing practice. 

They cause no increase in the total microbial count in the treated food 
over the level accepted for the respective food. 

contamina nts 


Arsenic 

lead 

Heavy metals 


not more than 3 mg/kg 

not more than 10 ng/kg 

not more than 40 mg/kg calculated as Pb 


See Methods for Determining Inorganic Components in this volume 
(pages 59-76) . 
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Salmonella absence by suitable method using a 25 g sample (e.g. 

USFDA Bacteriological analytical manual) 

Coliforms not more than 30 per g by suitable method (e.g. ISO 

4832) 

Escherichia coli absence by suitable method using 25 g of sample (e.g. 
US FDA Bacteriological analytical manual) 

Total viable count not more than 5 x 10 4 per g by suitable method (e.g. 
ISO 4833) . 

Antibiotic activity should be absent in enzyme preparations from 
microbial sources when determined in accordance with Appendix A. 

Enzyme preparations derived from fungal sources shall not contain 
detectable amounts of aflatoxin Bl, ochratoxin A, sterigmatocystin, T-2 toxin 
or zearalenone, determined according to the method of Patterson and Roberts'. 


GENERAL CONSIDERATIONS AND SPECIFICATIONS TOR ENZYMES FROM 
GENETICALLY MANIPULATED MICROORGANISMS 
(Tentative) * 

General considerations 


For the proper evaluation of enzymes produced by genetically manipulated 
microorganisms, it is important that adequate information be provided on the 
source materials, genetic manipulation technigues, and fermentation and 
recovery processes employed (see "Implications of Biotechnology on 
International Food Standards and Codex of Practice", AILNOFM 89/39) . In this 
respect, factors to be taken into consideration include but are not limited 
to the following: 

(1) Sources of genetic material should be taxonomically and genetically 
characterized . 

(2) All procedures and steps involved in the construction of the production 
microorganism should be described in detail. 

(3) The production microorganism should be characterized with respect to the 
introduced DMA, genetic stability, and growth properties. 

(4) Information on the pathogenicity and toxigenicity of the final strain 
should be provided. 

(5) It should be demonstrated, as appropriate, that the cloned DNA does not 
code for toxins or make the host pathogenic. 

(6) If the microorganism codes for resistance to therapeutically used 
antibiotics, it should be demonstrated that gene-sized fragments of CfiA 
are not present in the final product at biologically significant levels. 


Patterson, D.S.P. and Roberts, B.A. (1979). J. Ass. Off. Anal. Ghem. 62, 
1265-1267. 

Comments are invited from all interested parties. 
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(7) All carnponents of the starting fermentation medium should be identified. 

(8) The fermentation process should be described, including all steps and 
controls necessary to maintain proper growth conditions, cultural 
purity, and genetic stability. 

(9) The isolation of the enzyme from the cellular material or from the 
growth medium (depending on whether the enzyme is intracellular or 
excreted) and the purification of the enzyme should be described, 
including all chemical and physical treatments and quality controls. 

(10) Estimates of the daily intake of the enzyme for the proposed uses should 
be provided. 

Soeci f i cations 

In addition to meeting the General Specifications for Enzyme 
Preparations obtained by conventional techniques, enzymes produced by genetic 
manipulation should be subjected to further testing, including studies of the 
following types: 

Identification and Characterization 

The identity and functionality of the enzyme obtained and its similarity 
to the source enzyme mic^vt be demonstrated by such tests as the following, 
where appropriate: absorption spectra; amino acid and amino sugar analysis; 
amino terminal sequencing; chromatographic fractionation and analysis; 
electrophoresis; enzymatic activity and other functional properties; 
immunological characteristics; isoelectric point; kinetic specificity; 
molecular size and weight; peptide mapping and sequencing; substrate 
specificity; thermo-stability; etc. 

Incur ities 

Tests necessary to demonstrate the lack of harmful inpurities will 
depend to a large extent on the particular manipulation techniques employed, 
but in general should include determination of the contents of the following 
in the final product; (i) viable production organism cells; (ii) expression 
plasmid; (iii) recombinant DNA and fragment sizes; (iv) non-enzyme protein; 
and (v) other biological and non-biological impurities that might result from 
the particular genetic manipulation process used. 

Enzyme and TOS Contents 

Information should be provided on the percentage of total organic solids 
(TOS) , total protein, and active enzyme protein in the final product. It is 
especially important that products used in toxicological studies be completely 
characterized in these respects. 
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ALPHA-AMYLASE ACTIVITY, BACTERIAL 
Bacterial Alpha-Amylase E n zymes used In Desizin q* 

Purpose and Scope 

This method is intended for the assay of the bacterial amylases eaiployed 
caimercially for textile desizing. It is not applicable to products which 
contain S-Amylase in addition to a-Amylase. 

limitation 


Hie calibration of the method as presented here further restricts its 
use to amylases of bacterial origin. Some surface active agents interfere with 
the colour development which is an essential part of this method. The method 
is therefore not suitable for assessing the effect of surfactants on enzymes. 

Principle 

Dextrogenic amylase activity is measured in terms of the digestion time 
required to produce a colour change denoting a definite stage of 
dextrinization of the starch substrates. Hie amylase content of the sample, 
expressed in Bacterial Amylase Units (BAU) , is readily calculated from the 
dextrinizing time. 

Definition 

Bacterial Amylase Unit is defined as that quantity of the enzyme that 
will dextrinize one mg of starch per minute under the specified experimental 
conditions. 

Apparatus 

Comparator: One source of such equipment is Hellige, Inc. , 877 Stewart 
Avenue, Garden City, New York. Order Hellige Alpha-Amylase Testing Outfit 605- 
S5, include No. 605 Pocket Comparator with two No. 600-T13 Square Precision 
Tubes, No. 620S-5 Colour Disc and direction, or equivalent comparator. Hie 
light source should be either daylight or daylight fluorescent lamps. 
Incandescent lamps should not be used since they give slightly lower results. 

Water bath: Constant temperature 30‘ ± 0.20". 

Electric timer: Calibrated in minutes and hundredths is convenient (such 
as Time- it, manufactured by Precision Scientific Co. , Chicago, Illinois) . 

Glassware: Assorted standard glassware as required. 

Pyrex 13 x 100 mm test tubes: At least 6 dozen should be on hand. 


* ATOC Test Method 103-19701, ATCC Tech. Manual, 264 (1970) . 
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Standard volumetric pipettes to deliver 2 ml, 10 ml, 20 ml, fast 1 ml 
blow-out pipette for sampling hydrolyzing mixture, plus assorted standard 
pipettes to accomplish necessary sample preparation dilutions. 


Reagents 


Stock iodine solution . Weigh in glass, 5.5 g reagent grade crystalline 
iodine; to dissolve add 11 g reagent grade potassium iodide dissolved in 
minimum (10-12 ml) water. When iodine has completely dissolved dilute to 
250 ml. Preserve this solution in an amber glass-stoppered bottle and store 
under refrigeration. Solution may be used for three months. 

Dilute iodine solution . Dissolve 2.0 ml of stock iodine solution and 
20 g reagent grade potassium iodide in water and dilute to 500 ml . This should 
be refrigerated and can be used for one week. At the time of making colour 
comparison, in Procedure below, this solution, should be at the reaction 
temperature (30”). 


Buffer solution . Solution A: Dissolve 9.078 g of KHjP 0 4 in water and 
dilute to one liter. Solution B: Dissolve 9.472 g of NajHPa in water and 
dilute to one liter. Mix 600 ml of A and 400 ml of B to obtain pH 6.6 buffer. 


Buffered starch substrate . Determine the dry weight of Merck's Lintner 
Starch (Special for Diastatic Power Determinations) by drying 20.000 g of 
starch at 103 "- 104 • for 3 h. Weigh after cooling in desiccator and continue 
drying until weight is constant. Discard after dry weight has been determined. 


Calculate the amount of starch equivalent to 10.0 g dry basis for 500 mil 
starch substrate. Starch should be retained in tightly closed jar and not 
exposed to environment where the moisture content would be subject to change. 


Quantitatively transfer a slurry of 10.00 g (dry weight basis) of 
Merck's Lintner Starch into about 300 ml of vigorously stirred boiling water 
contained in one liter Pyrex beaker. Leave the stirring rod in the solution 
after boiling resumes and boil for exactly 3 min. 


Cool to room temperature in a cold water bath with continuous stirring 
to avoid skin formation (surface dehydration) . Quantitatively transfer the 
starch into a 500 ml volumetric flask using a small quantity of water to 
complete the transfer. Add 10 mil of pH 6.6 buffer and dilute to the mark. 
Check the pH of the starch substrate with a well-standardized pH meter. Starch 
substrate should be free of lumps or flakes and prepared fresh daily. 
Obviously contamination of the starch substrate with even minute traces of 
enzyme will render the substrate unsuitable for use. 


Sample Preparation (See Note 1 below) 

Prepare the sample solution by dilution with water so that 10 ml of the 
final solution (see Table 1) will give a dextrinizing time of 15 to 35 min. 
With dry samples, insoluble materials may be present but it is generally 
unnecessary to filter the solution. 


Table 1 shows sample weight to be used with sample of varying a-aiuylase 
content. If the sample can be placed in either of two ranges, it is preferable 
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to use the sample weight corresponding to the higher range since this will 
give a longer dextrinization tine, making for easier and more accurate 
measurements. 

Liquid products should be weighed as the specific gravity is usually 
greater than 1.0. In all cases a sufficient amount of sample should be weighed 
to minimize weighing errors. If necessary the amount of sample to be applied 
to the test may be obtained by secondary volume dilution. 

Procedure 

Dispense 5.0 ml dilute iodine solution in each of a series of test 
tubes and allow to attemperate in the 30” bath. Transfer 20.0 ml of buffered 
starch substrate into a 50 ml Erlenmeyer (or equivalent) (lead rings are 
convenient to weigh the flask) , stopper, place in 30” bath allowing about 15 
min to attain uniform temperature within the flask. Likewise attemperate an 
appropriate amount of freshly prepared sample solution. Rapidly add 10.0 ml 
of the sample solution, using a blow-out type pipette, and start the timer. 
After pipette has drained, replace rubber stopper and swirl flask vigorously 
to insure proper mixing. 

Table 1. Guide to Selection of Sample Weight 


Sample e-amylase content Sample weight to be used 

(BAU per g) mg sample per 10 ml final 

dilution 


70-250 

200 

125-500 

100 

300-900 

50 

600-1,800 

25 

1,000-4,000 

10 

3,000-9,000 

5 

6,000-18,000 

2 

12,500-50,000 

1 


At appropriate time intervals, add 1 ml (blow-out pipette with cotton 
plug) of the hydrolyzing mixture to 5 ml of dilute iodine solution at 30”, 
shake to mix thoroughly, pour into the 13 mm precision square tube, and 
compare with standard a-amylase colour disc in the Hellige comparator. After 
completing the comparison, empty the square tube, giving it a quick shake so 
that very little liquid remains. The tube may now be used for another test. 

Daring the initial stages of reaction, it is not necessary that the one 
ml sample be measured precisely before adding to the dilute iodine solution. 
As the endpoint is approached, the addition must be made accurately. The 
contents of the pipette are blcwn into the iodine solution in order that the 
time nay be more accurately measured. 

Around the time of the endpoint, samples should be taken every 0.5 min. 
In case two samples 0.5 min apart show that one is darker than the standard 
colour and the other one is lighter, record the endpoint time as the quarter 
minute between these two tiroes. 
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Care must be exercised to avoid contact of the 1 ml hydrolyzing pipette 
with the dilute iodine solution. A carry-back of iodine to the hydrolizing 
mixture will interfere with enzyme action. 

Calculation 


Calculate the a-amylase content of the sample by using the following 
formula: 


BAU per g = 40 F/T 
Where: 

BAU = Bacterial Amylase Units 

F = Dilution Factor = Total dilution volume/Sairple weight in g 
T = Dextrinizing Time in min 

The preceding formula follows from: 

The definition of the BAU as the quantity of enzyme that dextrinizes one 
mg of starch per min, and the assay practice of dextrinizing 400 mg of starch 
(20 ml of 2% solution) with a 10 ml aliquot of enzyme solution. 

Thus: BAU per g : 400/T x F/10 = 40 F/T 


Report 


Report the amylase content of the sample as Bacterial Amylase Units 
(BAU) per g. 


Precision 

The mean of duplicate tests should check within ± 6.5% of the true mean 
at the 95% confidence level. 

Notes 


1. If approximate or anticipated BAU of material to be tested is known, 
determine dilution factor (F) by multiplying desired test time (T) by 
anticipated BAU and dividing by 40, thus 

T X BAU/40 = F 

2. Exanple of Calculation. If we assume that for a particular sanple being 
tested the anticipated BAU/g is 800, reference to Table 1 indicates that 25 
mg of sample per 10 ml of final dilution should be employed. Therefore, 2.5 
g of the sample would be weighed out, and diluted to 1,000 ml. It new becomes 
possible to calculate the Dilution Factor F: 


F = Total Dilution Volume/Sample weight in g 
= 1,000/2.5 



Copyrighted material 



141 


If the dextrinizing time is 20 minutes, the BAU/g can be calculated: 
BAU/g = 40 F/T = 40 X 400/20 = 16,000/20 = 800 

If BAU does not fall within expected limits, a retest should include the 
practice of making up an entirely new sample preparation. This constitutes a 
check on the preparation of the test solution where errors may have occurred 
resulting in erroneous BAU. 


ALPHA-AMYLASE ACTIVITY, FUNGAL 


Scope 


This procedure is designed for the determination of fungal a-amylase 
activity. 

Principle 

Hie assay is based on the time required to obtain a standard degree of 
hydrolysis of a starch solution at 30' ± 0.1*. Hie degree of hydrolysis is 
determined by comparing the iodine colour of the hydrolysate with that of a 
standard. 


Apparatus 

Reference colour standard 


Use a special a-amylase colour disk available as Catalog No. 620-S5 or 
equivalent. Alternatively, a colour standard ray be prepared by dissolving 
25.0 g of cobaltous chloride (CoC 1 2 -61^0) and 3.84 g of potassium dichranate 
in 100 ml of 0.01 N hydrochloric acid. Hiis standard is stable indefinitely 
when stored in a stoppered bottle or conparator tube. 

Comparator 

Use either the standard Hellige comparator (Catalog No. 607) or the 
pocket comparator (Catalog No. 605) with prism attachment (Catalog No. 605A) 1 
or equivalent. Hie comparator should be illuminated with a 100-watt frosted 
lamp placed 15 cm from the rear opal glass of the comparator and mounted so 
that direct rays from the lamp do not shine into the operator's eyes. 

Comparator tubes 

Use the precision-bored square tubes with a 13-mm viewing depth that are 
supplied with the Hellige comparator. Suitable tubes are also available from 
other apparatus suppliers. 

Note . Alternatively the colour comparison can be carried out by using 
a spectrophotometer at 620 nm and 1-cm oells. 


Available from Hellige, Inc. , 3718 Northern Blvd. , Long Island City, New 
York, USA. 
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Dissolve 164 g of anhydrous sodium acetate in about 500 ml of water, add 
120 ml of glacial acetic acid, and adjust the pH to 4.8 with glacial acetic 
acid. Dilute to 1,000.0 ml with water, and mix. 

B-Amvlase solution 

Dissolve 250 mg of B-amylase, standardized to 2,000" diastatic power and 
which is free from a-amylase 2 in 5 ml of water. 

Note . Hie enzyme should be stored in a refrigerator, and it should be 
allowed to warm to roam tenperature before opening, in order to prevent 
condensation of moisture. 


Special starch 

Use starch designated as "Starch (Lintner) Soluble" catalog No. 4010 1 , 
or equivalent. Before using new batches, test them in parallel with previous 
lots known to be satisfactory. Variations of more than ± 3° diastatic power 
in the averages of a series of parallel tests indicate an unsuitable batch. 


Buffered substrate solution 


Disperse 10.0 g (on the dried basis) of Special Starch in 100 ml of cold 
water, and pour slcwly into 300 ml of boiling water. Boil with stirring for 
1 to 2 min, then cool and add 25 ml of Buffer Solution, followed by all of the 
6-Amylase Solution. Quantitatively transfer the mixture into a 500-ml 
volumetric flask with the aid of water saturated with toluene, dilute to 
volume with the same solvent, and mix. Store the solution at 30* ± 2* for not 
less than 18 nor more than 72 h before use. (This solution is also known as 
"buffered limit dextrin substrate".) 


Stock iodine solution 


Dissolve 5.5 g of iodine and 11.0 g of potassium iodide in about 200 ml 
of water, dilute to 250 ml with water, and mix. Store in a dark bottle and 
make a fresh solution every 30 days. 


Dilute iodine solution 


Dissolve 20 g of potassium iodide in 300 ml of water, and add 2.0 ml of 
Stock Iodine Solution. Quantitatively transfer into a 500-ml volumetric flask, 
dilute to volume with water and mix. 


Available 

Available 

USA. 


from Sturge Enzymes , lWheeley's 
from J.T. Baker Chemicals, Box 


Road, Birmingham B15 2LE, UK. 


218, Steubenville, OH 43952, 
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Sample Preparation 

Prepare a solution of the sample so that 5 ml of the final dilution will 
give an endpoint between 10 and 30 min under the conditions of assay. 

Procedure 


Pipet 5.0 ml of Dilute Iodine Solution into a series of 13 x 100-mm test 
tubes, and place them in a water bath maintained at 30’ ± 0.1’, allowing 20 
tubes for each assay. 

Pipet 20.0 ml of the Buffered Substrate Solution, previously heated in 
the water bath for 20 min, into a 50-ml Erlenmeyer flask, and add 5.0 ml of 
0.5% sodium chloride solution, also previously heated in the water bath for 
20 min. Plaoe the flask in the water bath. 

At zero time, rapidly pipet 5.0 ml of the Sample Preparation into the 
equilibrated substrate, mix immediately by swirling, and then stopper the 
flask, which should be plaoed back in the water bath. After 10 min, transfer 
1.0 ml of the reaction mixture from the 50-ml flask into one of the test tubes 
containing the Dilute Iodine Solution, shake the tube, then pour its contents 
into a Comparator Tube, and immediately compare with the Reference Colour 
Standard in the Comparator, using a tube of water behind the colour disk. 

Note . Be certain that the pipet tip does not touch the iodine solution; 
carry-back of iodine to the hydrolyzing mixture will interfere with enzyme 
action and will affect the results of the determination. 

In the same manner, repeat the transfer and comparison procedure at 
accurately timed intervals until the a-amylase colour is reached, at which 
time the elapsed time should be recorded. In cases where two comparisons 
30 sec apart shew that one is darker and the other lighter than the Reference 
Colour Standard, the endpoint is recorded to the nearest guarter-minute . The 
13-mm Comparator Tube should be shaken out between successive readings. Slight 
differences in colour discrimination between operators may be minimized by the 
use of a prism attachment and by maintaining a 15 to 25 cm distance between 
the Comparator and the operator's eye. 

Calculation 


One a-amylase dextrinizing unit (DU) is defined as the quantity of 
a-amylase that will dextrin ize soluble starch in the presence of an excess of 
B-amylase at the rate of 1 g per h at 30’ . 

Calculate the a-amylase dextrinizing units in the sample as follcws: 

DU (solution) . 24 , and 

' WxT 

DU (dry basis) _ DU (solution) x 100 

(100 - M) 
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in which W = 

T = 
24 = 

M = 


Reagents 

fi-amvlase 


the weight, in g, of the enzyme sairple added to the 
incubation mixture in the 5-ml aliquot of the Sample 
Preparation used, 

the elapsed dextrinizing time in min, 

the product of the weight of the starch substrate (0.4 g) 
and 60 min, and 

the % moisture in the sanple, determined by suitable means. 


ALPHA-AMYLASE ACTIVITY, MALT' 


Ihe special 13-amylase powder free from a-amylase made by Wallerstein 
Laboratories, 180 Madison Ave. , New York 16, N.Y. , should be used. This enzyme 
preparation has been standardized at Diastatic Fcwer-2 , 000 * and conforms to 
the following specifications: 

(1) At the addition level used, the variation in the dextrinization of one 
and three-day-old substrates obtained with a standard malt infusion is not 
more than 5%. 


(2) Ihe dextrinization by a standard malt infusion of a substrate prepared 
by adding 500 mg of 13-amylase (instead of the standard 250 mg) does not vary 
more than 5% from that obtained with the standard substrate, when both 
substrates are destrinized 24 h after their preparation. 

The ft-amylase powder should be stored in the refrigerator in a tightly 
closed bottle. Id avoid condensation of moisture on the cold enzyme 
preparation in humid atmospheres, the bottle should be allowed to warm up to 
room temperature before opening. 

Special starch 

Starch manufactured specifically for diastatic power determinations is 
available from e.g. Merck S Co., Rahway, New Jersey. It is designated, 
"Soluble Starch Merck, according to Lintner, Special for diastatic power 
determination" . 


When purchasing new batches of starch, test them in parallel with the 
lot in use. Variations of more than ± 3* Diastatic Power in the averages of 
a series of parallel tests indicate an unsuitable batch of starch. 

Buffered limit-dextrin ta-amvlodextrin) substrate 

Prepare a suspension of 10 g ± 0.005 g (dry weight) of Special starch 
in 100 ml of cold water and pour it slcwly into 300 ml of boiling water. Boil 


Aroer. Soc. Brewing Chemistry, 6th ed. , 169 (1958). 
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with stirring for one or two min, cool, add 25 ml of buffer solution, and 
250 mg of B-amylase dissolved in a small amount of water. Hake the starch 
solution up to 500 ml with distilled water saturated with toluene and store 
it at, or close to, 20' for not less than 18 h nor more than 72 h before use. 

Buffer solution 

Dissolve 164 g of anhydrous sodium aoetate in water. Add 120 ml of 
glacial acetic acid and dilute the solution to one liter. 

Sodium chloride solution. 0.5% 

Dissolve 5 g of sodium chloride in distilled water and dilute the 
solution to one liter. 

Stock iodine solution 

Dissolve 5.50 g of iodine crystals and 11.0 g of potassium iodide in 
water and dilute the solution to 250 ml. Store in a dark bottle and make fresh 
solution monthly. 

Dilute iodine solution 

Dissolve 20.0 g of potassium iodide in water, add 2.0 ml of stock iodine 
solution and dilute the solution to 500 ml. 

Apparatus 

Ogns tant tenp er ature bath 
20* (± 0.05") . 

Reference colour standard 

The special a-amylase colour disk (Catalog No. 620-S5) made by Hellige, 
Inc., 877 Stewart Avenue, Garden City, L.I., New York, USA. 

Conoarator 

Either the standard Hellige comparator (Catalog No. 607) or the pocket 
comparator (Catalog No. 605) with prism attachment (Catalog No. 605A) 1 . In use 
illuminate the comparator with a 100-watt frosted lamp placed 15 cm from the 
rear opal glass of the comparator. Direct rays, from the lajrp must not shine 
into the operator's eyes. 

Comparator tubes 

Precision square tubes, with a 13 mti liquid thickness at the viewing 
point. The a-amylase colour disc gives correct values only when used with a 
13 mm viewing thickness. Precision square cuvettes avoid the necessity of 


Amer. Soc. Brewing Chemistry, 6th ed. , 169 (1958). 
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calibrating individual test tubes and insure the use of a standard viewing 
thickness. The 13 mm precision square tubes are supplied as standard equipment 
with the Hellige comparator, and are also used with the Coleman Universal 
Spectrophotometer. They may be obtained from Hellige Inc. , distributors of the 
Coleman Instruments, or from Fisher and Porter Co., Hatboro, Pansylvania. 


Glassware 


Infusion flasks: One litre Erlenmeyer flask or glass stoppered bottle 
is suitable. Pipettes: 2.00 ml, precision; 20 ml; 5 ml; one ml 
bacteriological. Test tubes, 12 x 100 mm. Erlenmeyer flasks 50 ml. Funnels, 
20 cm. An all-glass automatic pipette, such as the Machlett type, is 
recommended for rapid dispensing of the dilute iodine solution. A fast flowing 
pipette such as a one ml bacteriological pipette (blow-cut type) is 
reconmended for withdrawing the one ml aliquote near the end of the 
determination . 


Filter paper 

See Halt-4, Extract, Apparatus (d) 1 
Stopwatch 

Or clock that indicates sec. 


Method 

Preparation of the malt infusion 


Extract 25 g ± 0.05 g of finely ground malt according to the method of 
Malt-6, Diastatic Pcwer, Preparation of Malt Infusion 2 ■ using 500 ml of 0.5% 
sodium chloride solution. Dilute 20 ml of the filtered infusion of malt to 100 
ml with 0.5% sodium chloride solution. 


Dextrinization of the buffered limit-dextrin substrate 

Add 5.0 ml of Dilute Iodine Solution to each of a series of 13 x 100 mm 
test tubes and attemperate them to 20’ in the water bath. The buffered limit- 
dextrin substrate and the diluted malt infusion should also be attempered and 
adjusted to final volume at 20’ before starting the dextrinization. 

Transfer with a pipette, 20.0 ml of substrate solution at 20* to a 50 ml 
Erlenmeyer flask, add 5 ml of 0.5% sodium chloride solution and again adjust 
the temperature to 20* . Add 5 ml of diluted malt infusion at 20’ , blcwing it 
in and counting the time from the instant the first of the dilute malt 
infusion reaches the substrate in the flask. Mix and leave the reaction 
mixture in the bath at 20* ± 0.05*. After 10 min transfer one ml of the 
hydrolyzing mixture to one of the tubes containing 5 ml of dilute iodine 


l 


2 


See Amer. Soc. Brewing Chemistry, 6th ed. , Method MALT 4, p. 162, 1958. 


FAO Nutrition Meetings Report Series No. 50B, p. 83, WHO/Food Add./2, 
1972. 
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solution at 20" . Shake, pour the iodine solution into a 13 mm square 
comparator tube, and immediately compare with the a-amylase colour disc in the 
comparator with a tube of distilled water behind the colour disc. Repeat the 
comparison at intervals with a fresh one ml portion of hydrolyzing mixture 
until the a-amylase colour is reached. 

Slight differences in colour discrimination between different operators 
may be minimized by the use of the prism attachment, and maintenance of a 
six- to ten-inch reading distance between the eye and the comparator. 

For the first few comparisons it is not necessary for the one ml sample 
of hydrolyzing mixture to be measured with precision before adding it to the 
dilute iodine solution. 

As the endpoint is approached the addition must be made accurately with 
a one ml pipette. The contents of the pipette should be blown into the iodine 
solution. Near the endpoint comparisons should be made every thirty sec. In 
case two comparisons 30 sec apart shew that one is darker and the other 
lighter than the a-amylase colour disc, the endpoint is recorded to the 
nearest quarter min. The 13 nm square tube used for colour comparisons is 
shaken out between successive readings. 

For accuracy find convenience, dextrinization times should fall between 
10 and 30 min. With malts of low a-amylase activity it may be necessary to use 
10 ml of the diluted malt infusion. In this case do not add the five ml of 
0.5% sodium chloride solution. The final volume of the hydrolyzing mixture 
should always be 30 ml. 

Calculation 


An a-amylase unit is defined as the quantity of a-amylase which will 
dextrinize soluble starch in the presence of an excess of 6-amylase at the 
rate of one g per h at 20" . Calculate the a-amylase units in the malt by use 
of the formula: 


20" D.U. (as is) 



20" D.U. (dry basis) . D.U. fas is) 100 

100 - M 


in which D.U. = 
w = 


T 

M 


Dextrinizing Units, 

Malt weight equivalent of the aliquot of dilute ralt 
infusion used, 

Dextrinizing time in min, 

% moisture in the malt. 


In the formula, 24 is the product of the weight of starch in the 
hydrolyzing mixture (0.4 g) and 60 min. 

Report Dextrinizing Units to the nearest half unit. 
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Example M = 4.1% moisture in the malt, 

W = 0.05 g of malt in the aliquot of infusion, 

T = 20 min to obtain dextrinization. 


20” D.U. (as is) , 24 24 

0.05 x 20 

20” D.U. (dry basis) . 24 x 100 . 25 

100 X 4.1 


ANTIBACTERIAL ACTIVITY 


Soope 

This procedure is designed for the determination of antibacterial 
activity in enzyme preparation derived from microbial sources. 

Principle 

The assay is based on the measurement of inhibition of bacterial growth 
under specific circumstances. 

Culture Plate s 


Six organisms are tested: Staphylococcus aureus ATCC 6538; Escherichia 
coli ATOC 11229; Bacillus oereus ATCC 2; Bacillus circulans ATCC 4516; 
Streptococcus ovrogenes ATCC 12344: and Serratia marcescens ATCC 14041. Make 
a test plate of each organism by preparing a 1:10 dilution of a 24 h 
Trypticase Soya Broth culture in Trypticase Agar (TSA) (for Streptococcus 
pyrogenes ATOC 12344 a 1:20 dilution) . 


Pour 15 ml of plain TSA into a Petri dish and allow the medium to 
harden. Overlay with 10 ml of seeded TSA and allow to solidify. Place a paper 
disk prepared according to Disk Preparation of the tested enzyme on each of 
the 6 inoculated plates. 

Di sk Preparation 

Make a 10% solution of the enzyme by adding 1 g of enzyme to 9 ml of 
sterile, distilled water. 


Mix thoroughly with a Vortex mixer to obtain a homogeneous suspension. 
Autoclave suitable paper disks (for instance, S & S Analytical Filter Papers 
No. 740-E, 12.7 mm in diameter), then saturate them with the enzyme by 
application of 0.1 ml (about 3 drops) of a 10% solution of the enzyme to the 
disk surface. Prepare 6 disks (1 for each of the 6 organisms) for each enzyme: 
place one disk on the surface of the 6 inoculated agar plates. 


Incubation 


Keep the 6 plates in the refrigerator cvemicflit to obtain proper 
diffusion. Incubate the plates at 37" for 24 h. Examine the plates for any 
inhibition zones that may have been caused by the enzyme preparation. 
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Interpretation 

A visually clear zone around a disk (total diameter: 16 mm) indicates 
the presence of antibacterial components in the enzyme preparation. If an 
enzyme preparation shews obvious antibacterial activity against 3 (or more) 
organisms, it is concluded that antimicrobial agents are present. 


CATALASE ACTIVITY 


Scope 


This procedure is designed for the determination of catalase activity, 
expressed as Baker Units. 

Principle 

The assay is an exhaustion method based on the breakdown of hydrogen 
peroxide by catalase, and the simultaneous breakdown of the catalase by the 
peroxide, under controlled conditions. 

Reagents and Solutions 

0.250 N Sodium thiosulfate 

Dissolve 62.5 g of sodium thiosulfate, Na^Qj ■ 5HjO in 750 ml of recently 
boiled and cooled water, add 3.0 ml of 0.2 N sodium hydroxide as a stabilizer, 
dilute to 1,000 ml with water, and mix. Standardize as directed for 0.1 £1 
Sodium thiosulfate (Volumetric Solutions), and adjust to exactly 0.250 N if 
necessary. 


Peroxide substrate solution 


Dissolve 25.0 g of anhydrous dibasic sodium phosphate (NajHPOJ , or 
70.8 g of NajHP0 4 • 12HjO, in about 1,500 ml of water, and adjust to pH 7.0 ±0.1 
with 85% phosphoric acid, cautiously add 100 ml of 30% hydrogen peroxide, 
dilute to 2,000 ml, in a graduate, and mix. Store in a clean amber bottle, 
loosely stoppered. The solution is stable for more than one week if kept at 
5’ in a full container. 

Note . With freshly prepared substrate, the blank will require about 16 
ml of 0.250 N sodium thiosulfate. If the blank requires less than 14 ml, the 
substrate solution is unsuitable and should be prepared fresh again. It is 
essential that the sample titration is between 50% and 80% of that required 
for the blank. 

Procedure 

Pipet an aliquot of not more than 1.0 ml of the sarple, previously 
diluted to contain approximately 3.5 Baker Units of catalase, into a 200-ml 
beaker. Rapidly add 100 ml of Peroxide Substrate Solution, previously adjusted 
to 25‘, and stir immediately for 5 to 10 sec. Cover the beaker, and incubate 
at 25" ± 1* until the reaction is completed. Stir vigorously for 5 sec and 
then pipet 4.0 ml from the beaker into a 50-ml Erlenmeyer flask. Add 5 ml of 


Copyrighted material 



150 


2 N sulfuric acid to the flask, mix, then add 5.0 ml of 40% potassium iodide, 
freshly prepared, and 1 drop of 1% ammonium molybdate and mix. While 
continuing to mix, titrate rapidly to a colourless endpoint with 0.250 N 
Sodium thiosulfate, recording the volume, in ml, required as S. Perform a 
blank determination with 4.0 ml of Peroxide Substrate Solution, and record the 
volume required, in ml, as B. 


( Note . When preparations derived from beef liver are tested, the 
reaction is complete within 30 min. Preparations derived from Aspergillus and 
other sources may require up to 1 h. In assaying an enzyme of unknown origin, 
a titration should be run after 30 min and then at 10 min intervals 
thereafter. The reaction is complete when two consecutive titrations are the 
same. ) 


Calculation 


One Baker Unit is that amount of catalase that will decompose 266 mg of 
hydrogen peroxide under the conditions of the assay. Calculate the activity 
of the sample by the formula: 

Balter Units per g or ml = 0.4 (B - S) x (1/C) 


in which C is the ml of aliquot of original enzyme preparation added to each 
100 ml of Peroxide Substrate Solution, or, when 1 ml of diluted enzyme is 


used, C is the dilution factor. 



CELLUIASE ACTIVITY 


Application and Principle 

This procedure is for the determination of oellulase enzymes derived 
from Aspergillus niger . var. , and Trichoderma reesei . The assay is based on 
the time required to reduce the viscosity of a soluble cellulose from 400 to 
300 centipoises (cP) at pH 5.0. 

Apparatus 

Viscometer : Use a Brookfield Model LVF or equivalent-type viscometer, 
with a No. 1 Spindle, capable of rotating at 12 rpm and of being read in cP. 
A suitable viscometer is available from Brookfield Engineering Laboratories, 
Inc., 240, Cushing Street, Stoughton, Mass. 02072. 


Saitole Oontainer : Use a 250-ml beaker, or equivalent container, designed 
for use with the Brookfield viscometer. Berzelius beakers, available as 
Coming Catalog No. 1140, are suitable for this purpose. 


Beater : Use a wire whip hand beater, such as the Ekco Presto-Whip with 
a spiral cone (available at hardware stores) . 

Reagents and Solutions 


Sodium Acetate Buffer. pH 5.0 : Dissolve 34 g of sodium acetate, 
NaC^HjC^OJ^O, in about 800 ml of water, and adjust the pH to 5.0 with glacial 
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acetic acid. Quantitatively transfer the solution into a 1,000-ml volumetric 
flask, dilute to volume with water, and mix. 

Standard Solution : Weigh accurately 1 g of a standard cellulase 
preparation (available as Cellase 1000 Reference Standard, from G.B. 
Fermentation Industries, Inc. , 1 North Broadway, Des Plaines, 111. 60016) , and 
dissolve it in 100 ml of water. Quantitatively transfer the solution into a 
1,000-ml volumetric flask, dilute to volume with water, and mix. Each ml of 
this solution contains 2.6 cellulase activity (CA) units. 

Substrate Solution : Sift 132 g of sodium carboxymethylcellulose 
(cellulose gum, Hercules Type 7-IF) through a household-type tea strainer or 
40-mesh screen, and add with continuous stirring to approximately 2,125 ml of 
water. Add 375 ml of Sodium Acetate Buffer , and continue stirring until most 
of the gum has gone into solution. Allow the mixture to stand at roam 
temperature for 2 to 3 h, stirring frequently to assure uniform and complete 
dispersion of the gum (Note: Use only gentle mixing so as not to shear the 
polymer mechanically) . 

Since the substrate may vary from lot to lot, each lot should be 
checked, by the Procedure below, before use in assaying the enzyme unknown. 
The viscosity of the Substrate Solution should be reduced from 400 to 300 cP 
in 277 ± 10 sec by 5.0 ml of the Standard Solution . If the viscosity- 
reduction time does not fall within this range, appropriate dilutions of the 
Substrate Solutions should be made. 

Sample Preparation : Prepare a solution of the enzyme preparation in 
water so that each 5 ml of the final dilution contains between 2 and 10 
cellulase activity (CA) units. 

Procedure : Transfer 200 g of the Substrate Solution into a Sample 
Container , and equilibrate for 15 min in a water bath maintained at 35* + 
0.1*. At zero time, rapidly pipet 5.0 ml of the Sample Preparation into the 
equilibrated substrate, mix immediately for 15 sec with the Beater , and then 
lower the viscometer spindle as rapidly as possible into the mixture. Do not 
remove the Sample Container from the water bath at any time during the 
determination . Begin stirring at 12 rpm, and start timing with a stopwatch 
when the reading indicates a viscosity of 400 cP. Continue timing until the 
viscosity is reduced to 300 cP, and record the elapsed time, T , in seconds. 
(Note: The elapsed time should fall between 150 and 600 sec; if longer times 
are required, use a higher concentration of enzyme in the Sample Preparation.) 

In the same manner, treat 200 g of the Substrate Solution with 5.0 ml 
of the Standard Solution, and record the elapsed time. 

Calcu lati on 


One cellulase activity (CA) unit is defined as the quant ity of enzyme 
in g required to reduce the viscosity of 200 g of a 5% solution of the 
specified sodium carboxymethyl cellulose substrate from 400 to 300 cP at 35* 
± 0.1" and pH 5.0, in 1 h. 

Calculate the activity of the enzyme preparation taken for analysis by 
the formula 
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CA, units/g = 

in which W is the weight, 
of the Sample Preparation 


1,000 x 60 x 60/ (W x T u ), 


in mg, of cellulase contained in the 5 ml aliquot 
used. 


ETOYLENDtrNE UHTI TEST 


Scope and Principle 

This procedure is designed to detect the presence of ethylenimine in 
immobilized enzyme preparations containing poly(ethylenimine) . 

The principle of the method is to react any free ethylenimine which may 
be present in a sajiple of inrocbilized enzyme preparation with an aqueous 
solution of l,2-naphthoquinone-4-sulfonate (Folin's reagent) to produce 
4-(l-aziridinyl) -1,2-naphthoquinone. This reaction product is extracted into 
chloroform and the extract analyzed by hii^i performance liquid chromatography 
(HPLC) . 


Apparatus 


- High performance liquid chromatograph equipped with an ultraviolet 
detector (254 nm) , injection valve and Lichrosorb DIOL column, 5 nm, 
4.6-mm i.d. x 25-cm (or equivalent) 


Glass syringe 10 fxl 


- Separatory funnel, 100 ml 

- Pipettes of convenient volumes for the preparation of standard 
solutions. 


Rea gents and Solutions 

Chloroform with 1% ethanol preservative, UV grade, distilled in glass 

Hexane, UV grade, distilled in glass 

2 -propanol , UV grade, distilled in glass 

Methyl alcohol, UV grade, distilled in glass 

Acetone, UV grade, distilled in glass 

l,2-naphthoquinone-4 -sulfonic acid, sodium salt 

0.1 N sodium hydroxide (NaOH) 


0.1 M Potassium dihydrogen phosphate 

Buffer Solution : pH 7.7; mix 200 ml 
0.1 N NaOH. 


[KHjPO^) 

of 0.1 M KH^ with 93.4 ml of 


Copyrighted material 



153 


Folin's Reagent : Dissolve 0.40 g of l,2-naphtoquinone-4-sulfonic acid 
sodium salt in 100 ml of buffer solution. Dilute to 500 ml with distilled 
water in a volumetric flask. Wrap the flask in aluminium foil and store in the 
refrigerator. Discard the reagent after five days. 

4-(l-Aziridinyl)-l, 2-naphthoquinone: A standard sample of known purity 
is required. If a commercial source for this standard is not readily 
available, the substance may by synthesized by the following procedure: 

Wrap a separatory funnel with aluminium foil and add 2 g of the sodium 
salt of l,2-nafiithoquinone-4 -sulfonic acid dissolved in 250 ml of distilled 
water. 


Add 25 ml of 0.5 M trisodium phosphate, shake and check that the pH is 
between 10.5 and 11.5. Add 0.3 ml ethylenimine* and shake intermittently for 
10 min. 

Extract the 4- (aziridinyl) -1,2-naphthoquinone formed with six 200-ml 
portions of chloroform. 

Place the combined extracts in a 2-L beaker wrapped in aluminium foil 
in which three holes have been made. 

Evaporate the chloroform with a nitrogen purge. Transfer the dry residue 
to a 50-ml beaker wrapped in aluminium foil. 

Add 35 ml of methyl alcohol and 1 ml of chloroform to the residue and 
stir briefly. Not all of the residue will dissolve. 

Place the beaker in an ice-water bath for 10 min and then filter the 
precipitate through Whatman 42 filter paper. 

Rinse the precipitate in the f ilter with 4 ml of chilled methyl alcohol 
and discard the filtrates. 

Dry the precipitate with a nitrogen purge, transfer it to a brown glass 
bottle and purge again. Dry the compound overnight in a desiccator containing 
Drierite. 

The melting point of the compound is 173-175” . The compound is to be 
used for making standard solutions for calibration porposes. 

The compound should be stored in a freezer until standard solutions are 
to be prepared. 

0.5 g/L Standard Solution: Accurately weigh about 125 mg of 4-(l- 
aziridinyl) -1,2-naphthoquinone into a 250 ml volumetric flask [lew actinic 
glass] and add chloroform to the mark. 


* CAUTION: Ethylenimine has been identified as a carcinogen. Appropriate 
precautions must be taken in handling the compound to avoid personnel 
exposure and area contamination. 
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0.1 mg/L Standard Solution: By appropriate dilution(s) of the 0.5 g/L 
Standard Solution, prepare a standard solution which contains 0.1 mq/L 
(0.1 ng/fil) . 


Analysis 


Accurately weigh a sanple of immobilized enzyme preparation containing 
about 10 g of dry matter into an aluminium foil-covered beaker. Add 50 ml of 
Folin's Reagent and agitate the mixture for several minutes. Decant the 
Folin's Reagent into a separatory funnel and extract with 2 ml of chloroform. 
Analyze a 20 ill portion of the chloroform extract by the following 
chromatographic conditions: 


Column: 
Mobile phase: 

Flow rate: 


Lichrosorb DIOL 5 nm (or equivalent) 

hexane : chloroform (with 1% ethanol) : iscprcpanol 
= 59.5 : 40.0 : 0.5 (v/v) 

2 ml/min. 


Inject a 20 nl portion of the 0.1 mg/L Standard Solution. The sample 
response is not greater than that of the 0.1 mg/L Standard Solution. (Another 
sanple containing a standard addition of 4- (1-aziridinyl) -1,2-naphthoquinone 
to immobilized enzyme preparation should be analyzed to verify that the 
chromatographic response does not contain interfering substances.) 


GLUOOAMYIASE ACTIVITY (AMYIGGLUCOSIDASE ACTIVITY) 


Appl i cation and Pri nciple 


This procedure is designed for the determination of the glucoamylase 
activity of preparations derived from Aspergillus niger, var. , but it may be 
modified for the determination of preparations derived from Aspergillus 
orvzae . var. , and Rhizopus oryzae . var. , (as indicated by the variation in the 
test belcw) . The sample is allowed to convert a com starch hydrolyzate 
solution, under carefully controlled conditions of time, temperature, pH, and 
concentration. The resulting reducing sugars are determined, and the activity 
is calculated as the weight, in g, of reducing sugars produced by a unit 
quantity of sample in 1 h under the specified conditions. 


Reagent s a nd Solutions 


Starch hvdrolvzate solution (4%) 


Weigh accurately an amount of 15 to 20 dextrose equivalent (DE) com 
syrup solids corresponding to 40.0 g of the dry substance. (If necessary, an 
equivalent amount of neutralized and filtered com starch hydrolyzate having 
a DE of 15 to 20 may be substituted for the com syrup solids. Suitable dried 
commercial products in the DE range may be obtained from A.E. Staley 
Manufacturing Co., Decatur, 111. 62525; CPC International, Argo, 111. 60501; 
and Grain Processing Corp., Muscatine, Iowa 52761.) Transfer quantitatively 
into a 1, 000-ml volumetric flask, dilute to volume with water, and mux 
thoroughly. Prepare this solution fresh daily. 
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Acetate buffer 

Transfer 60 g of glacial acetic acid into a 1,000-ml volumetric flask, 
dilute to volume with water, and mix. With the aid of a suitable pH meter, 
adjust the pH of this solution to 4.2 by the addition of a sodium acetate 
solution prepared by dissolving 136 g of NaCytjQj ■ 3HjO in sufficient water to 
make 1,000 ml. 

Note . A pH of 5.0 should be used when testing preparations derived from 
Aspergillus orvzae or Rhizopus orvzae . 

Fehling's solution A 

Prepare the Copper Solution (A) as directed under Alkaline Cupric 
Tartrate TS . 

Fehling's solution B 

Prepare the Alkaline Tartrate Solution (B) as directed under Alkaline 
Cupric Tartrate TS . 

Sample Preparation 

The Procedure belcw is based on the use of a sample containing 0.1 to 
0.2 unit of glucoamylase activity. This sample size will produce 0.2 to 0.4 g 
of reducing sugars under the conditions specified, and maximum accuracy is 
obtained in this range. For slightly less accurate results, an enzyme dosage 
range of 0.05 to 3.0 units may be used if necessary. 

Liquid samples, solid samples, and liquid concentrates should be 
prepared as directed in the following tables, and the aliquot size indicated 
should be used in the Procedure (Production of Reducing Sugars) . 

Preparation of Liquid Samples, Solid Samples, and Liquid Concentrates 

Liguid samples 


Enzyme in Sample 

Dilute 

(ml) 

Aliquot 

Dilution 

(units ml) 



Size (ml) 

Factor (F) 

0.05 or less 

- 


5.0 

0.2 

0.06 - 0.1 

- 


2.0 

0.5 

0.11 - 0.25 

- 


0.80 

1.25 

0.3 - 0.5 

- 


0.40 

2.5 

0.6 - 1.0 

- 


0.20 

5 

1.1 - 2.0 

- 


0.10 

10 

2.1 - 4.0 

5.0 - 

100 

1.00 

20 

4.1 - 5.0 

4.0 - 

100 

1.00 

25 

5.1 - 7.0 

3.0 - 

100 

1.00 

33.3 

7.1 - 10.0 

2.0 - 

100 

1.00 

50.0 
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Solid Samples and Liquid Concentrates 


Enzyme in Sample 
(units g) 

Sample Weight' 

( g ) 

Dilute to 
(ml) 

Aliquot Size 
(ml) 

4 or less 

10 

1,000 

5.0 

5-10 

4 

1,000 

5.0 

11 - 25 

1.6 

1,000 

5.0 

26 - 50 

1.4 

1,000 

3.0 

51 - 75 

1.25 

1,000 

2.0 

76 - 100 

1.00 

1,000 

2.0 

101 - 150 

1.25 

1,000 

1.0 

151 - 200 

1.00 

1,000 

1.0 

201 - 250 

1.50 

2,000 

1.0 

251 - 300 

1.00 

2,000 

1.0 


Accurately weigh the sample into a volumetric flask, fill the flask two- 
thirds full of water, and allow the stoppered flask to stand at roan 
temperature for at least 30 min, shaking vigorously at least 5 times 
during that period. Dilute to volume with water, and mix well. Take the 
indicated aliquot from a portion of the sample solution that has been 
filtered through Whatman No. 12 or equivalent filter paper. 


Procedure 

Production of reducing sugars 


Pipet 50.0 ml of the Starch Hvdrolvzate Solution and 5.0 ml of Acetate 
Buffer into a 100-ml volumetric flask. Prepare a second flask in the same 
manner for use as the control , and carry this flask through the same procedure 
concurrently, but use water in place of the Sample Preparation . Place the 
flask in a water bath maintained at 60*, and allow to stand for at least 
10 min. 


Note . Use 55” when testing preparation derived from Asperuillus orvzae 
and Rhizopus orvzae . 

Pipet an appropriately sized aliquot of the Sample Preparation into the 
flask, and simultaneously begin timing the reaction. 

Note . If a series of samples is being analyzed, pipet aliquots at timed 
intervals, so spaced as to permit neutralization of each after 120 min of 
reaction time. 


Swirl the contents of the flask to mix thoroughly, and allow to stand 
in the water bath for 120 min. When 115 to 118 min of the reaction period has 
passed, add 3 drops of phenolphthalein TS, then when exactly 120 min has 
elapsed, remove the flask from the bath, and immediately neutralize the 
contents by the addition of 2% sodium hydroxide solution, preferably added 
with a fast-flowing buret (about 3 to 7 ml is usually required) . Cool to roan 
temperature in a running-water bath, dilute to volume with water, and mix 
thoroughly. Determine the reducing sugars content on a 10.0-ml aliquot of this 
solution, and on a 10.0-ml aliquot of the control, as directed below. 
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Determination of reducing sugars fSchoorl method) 

Note . This method is suitable for determining reducing sugars in soluble 
materials that are substantially free of protein. Samples containing 
significant amounts of protein can be analyzed, however, after treatment with 
a protein precipitant. 

Pipet 10.0 ml each of Fehlina's Solution A and B into a 250-ml 
Erlenmeyer flask, and then add 10.0 ml of the sanple solution obtained under 
Production of Reducing Sugars above. Prepare a second flask in the same manner 
for use as the control, using 10.0 ml of the control solution, instead of the 
sample solution obtained under Production of Reducing Sugars , and carry this 
flask concurrently through the same procedure described for the sanple. 

Note . If large numbers of sanples are to be analyzed, the sanple 
solutions may be pipetted into a series of flasks first. Each sample may be 
diluted to 30 ml with water, and the Fehlina's Solution A may be added at any 
time; however, Fehlina's Solution B must not be added until just before 
heating begins, since the reaction is initiated at room temperature as soon 
as the solution is added. 

Pipet water into the flask to mate a total volume of 50 ml, and mix the 
contents of the flask by gentle swirling. Add two small glass beads, and close 
the mouth of the flask with a small funnel or glass bulb. Heat the solution, 
preferably with a hot plate, at such a rate that the solution is brought to 
boiling in just 3 min, and then continue boiling for exactly 2 min (total 
heating time, 5 min) , cool quickly to room temperature in an ice bath or in 
cold running water, and then rinse down the funnel (or bulb) and the walls of 
the flask with a few ml of water. Add 10 ml each of 30% potassium iodide 
solution and of 28% sulfuric acid, and titrate rapidly with 0.100 N sodium 
thiosulfate until the iodine colour almost disappears. Add 1 ml of starch TS, 
and titrate dropwise, with continuous agitation, to the disappearance of the 
blue colour. Record the volume, in ml, of 0.100 N sodium thiosulfate required 
for the sanple solution as S, and that required for the control solution as 
C. Conduct two reagent blank determinations, substituting 30 ml of water for 
the sanple, and record the average volume, in ml, of the blanks as B. Obtain 
the Titer Difference , expressed as ml of 0.100 N sodium thiosulfate, for the 
sanple by subtracting S frcm B, recording the value thus obtained as T . 
Subtract C from B to obtain the Titer Difference for the control, and record 
this value as T c . (See footnote to the table that follows.) 

Calculation 


Reducing sugars content 

By reference to the accompanying table, entitled Conversion of Titer 
Difference to Reducing Sugars Content , determine the weight, in mg, of 
reducing sugars equivalent to the volume T s , and record the value thus 
obtained as W s . In a similar manner, determine the weight of reducing sugars 
equivalent to the volume T c , and record this value as W c . 

Calculate the total reducing sugars (as dextrose) produced by the 
aliquot of Sample Preparation taken by the formula 
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Conversion of Titer Difference to Reducing Sugars Content 


i 


Titer 


Difference 0.0 
(ml) 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 




Reducing Sugar (as Dextrose) (mg) 




0.0 

0.0 

0.3 

0.7 

1.0 

1.3 

1.6 

1.9 

2.2 

2.5 

2.8 

1.0 

3.2 

3.5 

3.8 

4.1 

4.4 

4.7 

5.0 

5.3 

5.6 

5.9 

2.0 

6.4 

6.6 

6.9 

7.2 

7.5 

7.8 

8.1 

8.5 

8.8 

9.1 

3.0 

9.4 

9.8 

10.1 

10.4 

10.7 

11.0 

11.4 

11.7 

12.0 

12.3 

4.0 

12.6 

13.0 

13.3 

13.6 

14.0 

14.3 

14.6 

15.0 

15.3 

15.6 

5.0 

15.9 

16.3 

16.6 

16.9 

17.2 

17.6 

17.9 

18.2 

18.5 

18.9 

6.0 

19.2 

19.5 

19.8 

20.1 

20.5 

20.8 

21.1 

21.4 

21.8 

22.1 

7.0 

22.4 

22.7 

23.0 

23.3 

23.7 

24.0 

24.3 

24.6 

24.9 

25.2 

8.0 

25.6 

25.9 

26.2 

26.6 

26.9 

27.3 

27.6 

28.0 

28.3 

28.6 

9.0 

28.9 

29.3 

29.6 

30.0 

30.3 

30.6 

31.0 

31.3 

31.6 

31.9 

10.0 

32.3 

32.7 

33.0 

33.3 

33.7 

34.0 

34.3 

34.6 

35.0 

35.3 

11.0 

35.7 

36.0 

36.3 

36.7 

37.0 

37.3 

37.6 

38.0 

38.3 

38.7 

12.0 

39.0 

39.3 

39.6 

40.0 

40.3 

40.6 

41.0 

41.3 

41.7 

42.0 

13.0 

42.4 

42.8 

43.1 

43.4 

43.7 

44.1 

44.4 

44.8 

45.2 

45.5 

14.0 

45.8 

46.2 

46.5 

46.9 

47.2 

47.6 

47.9 

48.3 

48.6 

48.9 

15.0 

49.3 

49.6 

49.9 

50.3 

50.7 

51.1 

51.4 

51.7 

52.1 

52.4 

16.0 

52.8 

53.2 

53.5 

53.9 

54.2 

54.5 

54.9 

55.3 

55.6 

56.0 

17.0 

56.3 

56.7 

57.0 

57.3 

57.7 

58.1 

58.4 

58.8 

59.1 

59.5 

18.0 

59.8 

60.1 

60.5 

60.9 

61.2 

61.5 

61.9 

62.3 

62.6 

63.0 

19.0 

63.3 

63.6 

64.0 

64.3 

64.7 

65.0 

65.4 

65.8 

66.1 

66.5 

20.0 

66.9 

67.2 

67.6 

68.0 

68.4 

68.8 

69.1 

69.5 

69.9 

70.3 

21.0 

70.7 

71.1 

71.5 

71.9 

72.2 

72.6 

73.0 

73.4 

73.7 

74.1 

22.0 

74.5 

74.9 

75.3 

75.7 

76.1 

76.5 

76.9 

77.3 

77.7 

78.1 

23.0 

78.5 

78.9 

79.3 

79.7 

80.1 

80.5 

80.9 

81.3 

81.7 

82.1 

24.0 

82.6 

83.0 

83.4 

83.8 

84.2 

84.6 

85.0 

85.4 

85.8 

86.2 

25.0 

86.6 

87.0 

87.4 

87.8 

88.2 

88.6 

89.0 

89.4 

89.8 

90.2 

26.0 

90.7 

91.1 

91.5 

91.9 

92.3 

92.7 

93.1 

93.5 

93.9 

94.3 



27.0 94.8 


1 


Use of this table presumes the ability of the analyst to duplicate 
exactly the conditions under which the data were developed. The risk of 
error can be avoided by careful delicate standardization with known 
quantities of pure dextrose (5 saitples, ranging from 10 to 70 mg) . A 
plot of Titer Difference vs. mg of dextrose is slightly curvilinear, 
passing through the origin. If use of a standardization curve is 
adopted, the thiosulfate solution need not be standardized. Some 
additional increase in accuracy results from use of a 0.065 N sodium 
thiosulfate solution, which increases the blank titer to about 44-45 ml. 
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D s , g = w 5 X 100/(1,000 X 10), 

Calculate the total reducing sugars (as dextrose) produced by the 
control by the formula 

D c , g = W c x 100/(1,000 x 10) 

Enzyme activity, liquid samples 

Calculate the glucoamylase activity of the liquid enzyme preparation 
taken for analysis by the formula 

Glucoamylase, units/ml = (D s - D c ) x (F/2h) , 

in which F is the dilution factor appropriate for the enzyme preparation 
analyzed (see table on Liquid Samples under Sample Preparation ) , or F is a 
factor appropriate to any adaptations used. 

Enzyme activity, solid samples, and liquid concentrates 

Calculate the glucoamylase activity of solid sanples or liquid 
concentrates taken for analysis by the formula 

(D s - D c ) x V 

Glucoamylase, units/g . 

(G x A x 2h) 

in which V is the dilution volume, in ml, and A is the aliquot size, in ml, 
appropriate for the enzyme preparation analyzed (see table on Solid Samples 
and Liquid Concentrates under Sample Preparation ) , and G is the weight, in g, 
of the enzyme preparation taken for analysis. 


Beta-GLUCANASE ACTIVITY 


Acolication and Principle 

This procedure is for the determination of 6-glucanase activity of 
enzyme preparations derived from Aspergillus niger, var. , Bacillus subtilis . 
var. The assay is based on a 15-min hydrolysis of lichen in substrate at 40* 
and at pH 6.5. The increase in reducing power due to liberated reducing groups 
is measured by the neocuproine method. 

Reagents and Solutions 

Phosphate Buffer : Dissolve 13.6 g of monobasic potassium phosphate in 
about 1,900 ml of water, add 70% sodium hydroxide solution until the pH is 6.5 
± 0.05,, then transfer the solution into a 2,000-ml volumetric flask, dilute 
to volume with water, and mix. 

Neocuproine Solution A : Dissolve 40.0 g of anhydrous sodium carbonate, 
16.0 g of glycine, and 450 mg of cupric sulfate pentahydrate in about 600 ml 
of water. Transfer the solution into a 1,000-ml volumetric flask, dilute to 
volume with water, and mix. 
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Neocuproine Solution B : Dissolve 600 mg of neocuproine hydrochloride 
in about 400 ml of water, transfer the solution into a 500-ml volumetric 
flask, dilute to volume with water, and mix. Discard when a yellow colour 
develops. 


Lichenin Substrate : Grind 150 mg of lichenin to a fine powder in a 
mortar, and dissolve it in about 50 ml of water at about 85*. After solution 
is complete (20 to 30 min) , add 90 mg of sodium borohydride and continue 
heating below the boiling point for 1 h. Add 15 g of Aniberlite MB-3, or 
equivalent ion-exchange resin, and stir continuously for 30 min. Filter with 
the aid of vacuum through Whatman No. 1 filter paper, or equivalent, in a 
Buchner funnel, and wash the paper with about 20 ml of water. Add 680 mg of 
monobasic potassium phosphate to the filtrate, and refilter through a 0.22-jrm 
Millipore filter pad, or equivalent. Wash the pad with 10 ml of water, and 
adjust the pH of the filtrate to 6.5 ± 0.05 with 1 N sodium hydroxide or 1 £J 
hydrochloric acid. Transfer the filtrate into a 100-ml volumetric flask, 
dilute to volume with water, and mix. Store at 2“ to 4” for not more than 
3 days. 


Glucose Standard Solution : Dissolve 36.0 mg of anhydrous dextrose in 
Phosphate Buffer in a 1,000-ml volumetric flask, dilute to volume with water, 
and mix. 


Test Preparation : Prepare a solution fran the enzyme preparation sanple 
so that 1 ml of the final dilution will contain between 0.01 and 0.02 


(i-glucanase units. Weigh the sample, transfer it into a volumetric flask of 
appropriate size, dilute to volume with Phosphate Buffer , and mix. 


Procedure : Pipet 2 ml of Lichenin Substrate into each of four separate 
test tubes graduated at 25 ml, and heat the tubes in a water bath at 40" for 
10 to 15 min to equilibrate. After equilibration, add 1 ml of Fhosphate Buffer 
to tube 1, 1 ml of Glucose Standard Solution to tube 2 (glucose standard) , 
4 ml of Neocuproine Solution A and 1 ml of the Test preparation to tube 4 
(sample) . Prepare a fifth tube for the buffer blank, to which 3 ml of 
Phosphate Buffer is added. 


Incubate the five tubes at 40* for exactly 15 min, and then add 4 ml of 
Neocuproine Solution A to tubes 1, 2, 4, and 5. Add 4 ml of Neocuproine 
Solution B to all five tubes, and cap them with a suitably sized glass marble. 
( Caution : Do not use rubber stoppers.) Heat the tubes in a vigorously boiling 
water bath for exactly 12 min to develop colour, then cool to room temperature 
in cold water, and adjust the volume of each to 25 ml with water. Cap the 
tubes with Parafilm, or other suitable closure, and mix by inverting several 
times. Determine the absorbance of each solution at 450 nm in 1-cm cells, with 
a suitable spectrophotometer, against the buffer blank in tube 5. 


Calculation : One ft-glucanase unit (BGU) is defined as that quantity of 
enzyme in g that will liberate 1 (jmol of reducing sugar (as glucose 
equivalence) per min under the conditions of the assay. 


Calculate the activity of the enzyme preparation taken for analysis as 
follows: 

(A^ - Aj) x 36 x 10 6 

BGU 


(Aj - A,) x 180 x 15 x M9 Sample) 
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in which \ is the absorbance of the sample (tube 4) , A, is the absorbance of 
the enzyme blank (tube 3) , Aj is the absorbance of the glucose standard (tube 
2) , A, is the absorbance of the substrate blank (tube 1) , 36 is the pg of 
glucose in the Glucose Standard Solution . 10^ is the factor converting fjq to 
g, 180 is the weight of 1 pmol of glucose, and 15 is the reaction time. 


GLUCOSE IBCMERASE ACTIVITY 1 

Sccoe 

This procedure is designed for the determination of glucose isamerase 
preparations derived from Actincclanes missmriensis . Arthrobacter 
aloblformis . Bacillus coaoulans . Streotanvces olivaceus . Streotawoes 
ol ivochrarioaenes . and Streotomvces rubiainosus . 

Principle 

The assay is based on measurement of the rate of conversion of glucose 
to fructose in a packed bed reactor. 

The procedure as outlined approximates an initial velocity assay method. 
Specific conditions are: glucose concentration , 45% w/w; pH (inlet) , measured 
at roan temperature in the 7.0 to 8.5 range, as specified; temperature, 60.0" ; 
and magnesium concentration, 4 x 10’ 3 if. The optimum conditions for enzymes 
fron different microbial sources and methods of preparation may vary; 
therefore, if different pH conditions, buffering systems, or methods of sanple 
preparation are reccemended by the manufacturer, such variations in the 
instructions given herein should be used. 

Reagents and Solutions 

Glucose substrate 


Dissolve 539 g of anhydrous glucose and 1.0 g of magnesium sulfate, 
MgSO^ -7HjO, in 700 ml of water or the manufacturer's recommended buffer, 
previously heated to 50' to 60*. Cool the solution to rocm temperature, and 
adjust the pH as specified by the enzyme manufacturer. Transfer the solution 
to a 1, 000-ml volumetric flask, dilute to volume with water or the specified 
buffer, and mix. Transfer to a vacuum flask, and deaerate for 30 min. 

Magnesium sulfate solution 

Dissolve 1.0 g of magnesium sulfate, MgS0 4 -7^0, in 700 ml of water. 
Adjust the pH to 7.5 to 8.0 as specified by the manufacturer, using 1 N sodium 
hydroxide, dilute to 1,000 ml with water and mix. 


Note . Glucose isanerase activity of the oanmercial enzyme is usually 
determined on the enzyme that has been immobilized by binding with a 
polymer matrix or other suitable material. This method is designed for 
use with such preparations. 
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Oolvmn Assembly and Apparatus 


The column assembly is shewn in the Figure on page 163. Note . Make all 
connections with inert tubing, glass or plastic as appropriate. 

Use a 2.5 x 40-an glass column provided with a coarse sintered glass 
bottom and a water jacket connected to a constant- temperature water bath, 
maintained at 60.0' by means of a circulating punp. Connect the top of the 
column to a variable-speed peristaltic pump having a maximum flew rate of 
800 ml per h. The diameter of the tubing with which the peristaltic punp is 
fitted should permit variation of the punping volume from 60 to 150 ml per h. 
Connect the outlet of the column with a collecting vessel. 


Sample Preparation 


Transfer to a 500-ml vacuum flask an amount of the sanple, accurately 
weighed in g or measured in ml, as appropriate, sufficient to obtain 2,000 to 
8,000 glucose isomerase units (GI C U) . Add 200 ml of Glucose Substrate, stir 
gently for 15 sec and repeat the stirring every 5 min for 40 min. Deaerate by 
vacuum for 30 min. 


Column Preparation 


Quantitatively transfer the Sanple Preparation to the column with the 
aid of Magnesium Sulfate Solution as necessary. Allow the enzyme granules to 
settle, and then place a porous disk so that it is even with, and in contact 
with, the top of the enzyme bed. All of the air should be displaced fran the 
disk. Place a cotton plug about 1 or 2 cm above the disk. (This plug acts as 
a filter. It ensures proper heating of the solution and traps dissolved gases 
that may be present in the Glucose Substrate.) Connect the tubing fran the 
peristaltic pump with the top of the column, and seal the connection by 
suitable means in order to protect the column contents from the atmosphere. 
Place the inlet tube of the peristaltic punp into the Glucose Substrate 
solution, and begin a downward flow of the Glucose Substrate into the column 
at a rate of at least 80 ml per h. Maintain the flew rate for 1 h at room 
temperature. 


Procedure 


Adjust the flew of the Glucose Substrate to such a rate that a 
fractional conversion of 0.2 to 0.3 will be produced, based on the estimated 
activity of the sanple. The fractional conversion is calculated from optical 
rotation values obtained on the starting Glucose Substrate and the sample 
effluent, as specified under Calculations below. After the correct flew rate 
has been established, run the column overnight (16 h minimum) , then check the 
pH of the Glucose Substrate, and readjust if necessary to the specified pH. 
Measure the flow rate, and collect a sanple of the column effluent. Cover the 
effluent sanple, allow it to stand for 30 min at rocm tenperature, and then 
determine the fractional conversion of glucose to fructose (see Calculations 
below) . If the conversion is less than 0.2 or more than 0.3, adjust the flew 
rate to bring the conversion into this range. If a flew rate adjustment is 
required, collect an additional effluent sanple after allowing the column to 
re-equilibrate for at least 2 h and then determine the fractional conversion. 
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Measure the flew rate, and collect an effluent sanple. Oover the sample, let 
it stand at room tenperature for 30 min, and determine the fractional 
conversion. 

Calculations 


Specific rotation 


Measure the optical rotation of the effluent sample and of the starting 
Glucose Substrate at 25.0", and calculate their specific rotations by the 
formula: 

[a]f = 100 a/lpd 


in which a 
1 
P 


and d 


the corrected observed rotation, in degrees, 

the length of the polarimeter tube, in dm, 

the concentration of the test solution, expressed as 

g of solute per 100 g of solution, 

the specific gravity of the solution at 25' 



Figure. Diagram of a oolunn assembly for assay of 
IsiDobilized Glucose Iscmerase 
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Fractional conversion 


Calculate the fractional conversion, X, by the formula: 

°e ~ “s 
X = 


°T " “s 


in which 
and 


“e 

°r 


the specific rotation of the column effluent, 
the specific rotation of the Glucose Substrate, 
the specific rotation of fructose (which in this case 
has been calculted to be -94.54) . 


Activity 

The enzyme activity is expressed in glucose isomerase units (CI c U, the 
subscript c signifying column process) . One GI C U is defined as the amount of 
enzyme that converts glucose to fructose at an initial rate of 1 panel per min, 
under the conditions specified. 


Calculate the glucose isomerase activity by the formula: 

CI c U per g or ml = (FS/W) [X,, In ] 

(X* “ X) 


in which 


and 


F 

s 

X* 

w 


the flow rate, in ml per min, 

the concentration of the Glucose Substrate, in jonl per 
the fractional conversion at equilibrium, or 0.51, 
the weight or volume of the sanple taken, in g or 
respectively. 


ml, 

ml, 


GUJ00SE OXIDASE ACTIVITY 

Scope 

This procedure is designed for the determination of glucose oxidase 
activity. 

Principle 

The assay is based upon oxygen uptake in the presence of excess 
substrate, excess air, and excess catalase. 

A pparatus 

Warburg apparatus 

Use the apparatus, or equivalent, supplied as Catalog No. 666900 1 . 


i 


Available from Precision Scientific Co. , 
111. 60647, USA. 



3737 W. Cortland St. , Chicago, 
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Manometer 

Use the manometer, or equivalent, supplied as catalog No. 6666S 2 . 
Reaction flasks 

Use the 15-ml flasks, or equivalent, supplied as Catalog No. 66703 2 . 

Buffered Dextrose Substrate 

Dissolve 14.2 g of anhydrous dibasic sodium phosphate in about 750 ml 
of water. Dissolve 4.0 g of sodium dehydroacetate in this solution, and adjust 
the pH to 5.9 ± 0.05 with 85% phosphoric acid. Finally, dissolve 33.0 g of 
dextrose monohydrate in the solution, dilute to 1,000.0 ml with water, and 
mix. To ensure mutarotation to equilibrium, hold overnight at room 
temperature. 

Semple Solution 

Weigh accurately a suitable amount of the enzyme preparation, and dilute 
it with water to a known volume to obtain a solution containing between 10 and 
20 glucose oxidase units per ml. 

Note . If the enzyme preparation contains less than one Baker unit of 
catalase^, catalase must be added to meet or exceed the minimum ratio. 

Transfer a 1.0-ml aliquot into a 100-ml volumetric flask, dilute rapidly 
to volume with the Buffered Dextrose Substrate (previously adjusted to a 
tenperature of 25" ) , and mix. This solution may be unstable and should be used 
as soon as possible. 

Procedure 

Pipet 2.0 ml portions of the Sairple Solution into four calibrated 
Reaction Flasks, taking care that none of the solution is pipetted into the 
wells of the flasks. Using rubber bands or springs, secure each flask to a 
calibrated Manometer, and place the assembly in the water bath, maintained at 
30* ± 0.01“ of the Warburg Apparatus. Open the manometer stopcocks leading to 
the flasks, and allcw the manometers to oscillate, using a mechanical shaker, 
at a rate of 120 times per min, with a stroke of 4 an for 10 min in order to 
equilibrate the temperature of the flasks. After tenperature equilibration has 
been reached, adjust the manometers to the initial volume for the respective 
reaction flasks. Close the stopcocks, and shake again for 30 min. Readjust the 
nanometers to their original volumes, and note the change in pressure (P) , in 
ran, for each flask. 


Available from Precision Scientific Co., 3737 W. Cortland St., Chicago, 
111. 60647, USA. 

See Scott, D. and Hammer, F. , Enzymologia, 22, p. 194 (1960). 
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Calculation 


One unit of glucose oxidase activity is defined as that quantity of 
enzyme that will cause the intake of 10 rm of oxygen per min in a Warburg 
manometer at 30' in the presence of excess air and excess catalase, and with 
a substrate containing 3.3% glucose monohydrate and 0.1 M phosphate buffer at 
pH 5.9, with 0.4% sodium dehydroaoetate 4 . Calculate the activity of the enzyme 
preparation by the formula: 

Glucose Oxidase Units, per g or ml = (P x C x D)/(30 min x 10 mn 5 x V) 


in which P 


C 

D 

and V 


the pressure drop, in nm, observed in the reaction flask, 

corrected for thermobarameter change 5 , 

the reaction flask constant 6 , 

the dilution factor of the enzyme solution, 

the volume, in ml, of Sample Solution used in the Procedure. 


Average the four values thus calculated to obtain the activity of the 
enzyme preparation taken for analysis. 


GLUEARALDEHYDE LOOT TEST 


Scope and Principle 


This procedure is designed to determine the glutaraldehyde carried over 
into iscmerized syrup during isomerization of glucose syrup by the use of 
immobilized glucose iscmerases cross linked with glutaraldehyde . 


The procedure involves sampling the syrup produced during different 
stages of the enzyme assay "Glucose iscmerase activity". Analysis of the 
sample syrup according to the procedure on page 169 gives the number of mg of 
glutaraldehyde per kg of syrup. A subsequent calculation gives the amount of 
glutaraldehyde present per unit of glucose iscmerase activity. The enzyme 
preparation passes the test if the average result is not greater than 0.025. 

Calculation 


The relationship between the determination of glutaraldehyde and the 
determination of activity of the prepared immobilized enzyme can be expressed 
in the following way: 

_ mg GA/kg syrup 

GI c U/g enzyme 
GA = Glutaraldehyde 

GI C U = activity unit for glucose iscmerase in column process 


See Scott, D. , J. Agric. Food Chem. , 1, p. 727, (1953). 

Umbreit, W.W. , Burris, R.H. and Stauffer, J.F. , Mancmetric techniques. 
Third Edition, Burgess Publishing Co., Minneapolis, Minn., (1957), 
pp. 6-7. 

Umbreit, W.W. et al . Ibid., pp. 61-63. 
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Procedure 


Sanples of syrup during the assay for "Glucose isanerase activity" are 
taken at steps as prescribed in the following: 

Sairole 1 : 25 ml of syrup is taken out at the step called "Sample 
preparation" (i.e. syrup decanted off, just after the prescribed 40 min 
soaking period) . 

Sairole 2 : 25 ml of syrup is taken out at the step called "Procedure" 
(i.e. isctnerized syrup from the oolumn outlet just after the flew rate has 
been adjusted to the correct level) . 

Sample 3 : 25 ml of syrup is taken out at the point of time when samples 
are taken for determination of the fractional conversion of the glucose to 
fructose. 

As prescribed, this time is at least 16 hours after start-up. In actual 
practice the time for taking this effluent sairple will be in the interval 
42-48 hours after start-up. 

All three samples (Saitples 1, 2, and 3) are subjected to determination 
for glutaraldehyde as described in "Determination of glutaraldehyde in High 
Fructose Com Syrup". As indicated in the text of the assay, it has been 
determined that the lcwer detection limit for glutaraldehyde in HFCS (High 
Fructose Oom Syrup) is 5 mg/kg by this assay. 

Interpretation of test results 

The enzyme passes test if the average "a" from the three samples tested 
is not greater than 0.025. (For GA concentrations belcw the detection limit 
5 mg/kg, the value 5 mg/kg is taken.) 

Examples 

(1) a - 0.025 is equal to an average GA concentration of 5 mg/kg from 

200 GI c U/g enzyme. 

(2) a = 0.025 is equal to an average GA concentration of 7.5 mg/kg 

from 300 GI c U/g enzyme. 


GLOTARAIDEHYDE DETERMINATION IN HIGH FRUCTOSE CORN SYRUP 

Scope 

This procedure is designed for the determination of Glutaraldehyde in 
High Fructose Com Syrup (HFCS) . 

Principle 

The assay is based on a measurement using thin layer chromatography. 
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apparat us and Reagents 

TTC plates 


Pre -coated TLC plates SIL G-25, available from Macherey-Nagel , Catalog 
No. 809 013, or equivalent. Activate before use by heating to 100" for at 
least one h. Use gloves when handling. 

Solvent system 

Transfer 5.0 ml absolute ethanol to a 100-ml volumetric flask and fill 
up to the mark with chloroform. Transfer to a 250-ml flask and shake very 
thoroughly before pouring the mixture into the developing chamber. 

Sorav reagents 

(Sufficient for one TLC plate) 

I: 1% MEOH 

Dissolve 250 mg MBIH (N-methyl-benzothiazolonhydrazon-HCl) in 25 ml 

water. 


II: 2% Ferric chloride 

Dissolve 0.5 g ferric chloride ( FeCl 3 ■ 6HjO) in 25 ml water. 


Standard Solutions 

Glutaraldehvde stock solution fl ms /ml) 


Transfer 0.4 ml of 25% glutardialdehyde solution (Merck No. 12179) to 
a 100-ml volumetric flask. Make up to the mark with water. 


Glutaraldehvde solution (25 ua/ml) 

Dilute 250 /il of glutaraldehyde stock solution to 10.0 ml with water. 
Dilution to be made freshly before use. 


Glutaraldehvde solution (3.75 ua /ml) 

Dilute 1.50 ml of G - 25 fjg/ml to 10.0 ml with water. Dilution to be 
made freshly before use. 


Assa y Solutions 


Transfer to 10-ml volumetric flasks: 


Assay solution (a): 7.50 g of HPCS sample; 

Assay solution (b) : 7.50 g of HFCS sample and 1.50 ml of glutaraldehyde 
solution (25 pg/ml) corresponding to 37.5 (jg of glutaraldehyde . 


Make both solutions tip to volume with water. 
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Procedure 

Treat the standard and assay solutions for 30 min in an ultra-sonic bath 
immediately before use. 

Spot the TLC plate as follows: 

Spot 1: 150 til of glutaraldehyde solution (3.75 nq/ml) equivalent to 

0.5625 pg glutaraldehyde. 

Spot 2: 150 ill of assay solution (b) equivalent to 0.5625 fig 

glutaraldehyde plus 0.1125 g HFCS sanple. 

Spot 3: 150 fxl of assay solution (a) equivalent to 0.1125 g HFCS 

sample. 

The spots should be placed at least 3 cm from the edges of the plate and 
5 can apart. Allow the spots to dry at room temperature. Run the chromatogram 
until the solvent front has migrated 15 cm (30-40 min) . Allow the plate to dry 
for at least 30 min at room temperature . 

Spray with reagent I using a fine nozzle. Approximately 20 ml are 
needed. 

Wait for 10 min and then spray with reagent II until the spots can be 
seen. Approximately 25 ml are needed. 

Estimation 


Estimate the glutaraldehyde content of the assay sample (spot 3) by 
comparison with the standard (spot 1) . 

If the intensity of assay sample spot 3 is less than the intensity of 
standard spot 1, then the HFCS sanple contains < 5 mg/kg of glutaraldehyde. 

Spot 2 is included as proof that the method can detect 5 mg/kg of 
glutaraldehyde in HFCS. 


HEHICELLUIASE ACTIVITY 

Application and Principle 

This procedure is for the determination of hemicellulase activity of 
preparations derived from Aspergillus niqer . var. The test is based on the 
enzymatic hydrolysis of the interior glucosidic bonds of a defined locust 
(carob) bean gum substrate at pH 4.5 and 40". The corresponding reduction in 
substrate viscosity is determined with a calibrated viscometer. 

A pparatus 

Viscometer : Use a size 100 calibrated Cannon-Fenske Type Viscometer, or 
its equivalent. A suitable viscometer is supplied as Catalog No. 2885-100 by 
Scientific Products, 1210 Waukegan Road, McGraw Park, 111. 60085. 
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Glass Water Bath : Use a constant-temperature glass water bath maintained 
at 40’ ± 0.1’. A suitable bath is supplied as Catalog No. W3520 10 by 
Scientific Products. 


Reagents and Solutions 

Acetate Buffer (pH 4.5): Add 0.2 N sodium acetate, with continuous 
agitation, to 400 ml of 0.2 N aaetic acid until the pH is 4.5 ± 0.05, as 
determined by a pH meter. 

locust Bean Gum : Use Powdered Type D-200 locust bean gum, or its 
equivalent, supplied by Meer Oorp. , 9500 Railroad Avenue, North Bergen, N.J. 
07047. Since the substrate may vary fran lot to lot, each lot should be tested 
in parallel with a previous lot known to be satisfactory. Variations of more 
than ± 5% viscosity in the average of a series of parallel tests indicate an 
unsuitable lot. 


Substrate Solution : Place 12.5 ml of 0.2 N hydrochloric acid and 250 ml 
of warm water (72” to 75”) in the bowl of a power blender (Waring two-speed, 
or its equivalent, supplied as Catalog No. 58350-1 by Scientific Products), 
and set the blender on lew speed. Slowly disperse 2.0 g of Locust Bean Gum , 
on a moisture-free basis, into the bcwl, taking care not to splash out any 
of the liquid in the bcwl. Wash dewn the sides of the bcwl with warm water, 
using a rubber policeman, cover the bcwl, and blend at high speed for 5 min. 
Quantitatively transfer the mixture to a 1,000-ml beaker, and cool to roan 
temperature. Using a pH meter, adjust the mixture to pH 6.0 with 0.2 N sodium 
hydroxide. Cuantitatively transfer to a 1,000-ml volumetric flask, dilute to 
volume with water, and mix. Filter the substrate through gauze before use. 


Sample Preparation : Prepare a solution of the sample in water so that 
1 ml of the final dilution will produce a change in relative fluidity between 
0.18 and 0.22 in 5 min under the conditions specified in the Procedure . Weigh 
the enzyme preparation, quantitatively transfer it to a glass mortar, and 
triturate with water. Quantitatively transfer the mixture to an appropriately 
sized volumetric flask, dilute to volume with water, and mix. Filter through 
Whatman No. 1 filter paper, or equivalent, before use. 


Procedure : Scrupulously clean the Viscometer by drawing a large volume 
of detergent solution, followed by water, through the instrument, and place 
the viscometer, previously calibrated, in the Glass Water Bath in an exactly 
vertical position. Pipet 20.0 ml of Substrate Solution and 4.0 ml of Acetate 
Buffer into a 50-ml Erlenmeyer flask, allowing at least two flasks for each 
enzyme sanple and one flask for a substrate blank. Stopper the flasks, and 
equilibrate them in the water bath for 15 min. At zero time, pipet 1.0 ml of 
the Sample Preparation into the equilibrated substrate, start timing with a 
stopwatch (No. 1), and mix thoroughly. Irmediately pipet 10.0 ml of this 
mixture into the wide arm of the Viscometer . After about 2 min, draw the 
reaction mixture above the upper mark into the driving fluid head by applying 
suction with a rubber tube connected to the narrow arm of the instrument. 
Measure the efflux time by allowing the reaction mixture to flow freely dewn 
past the upper mark. As the meniscus falls past the upper mark, start a second 
stopwatch (No. 2) , and at the same time record the reaction time (T R ) , in min, 
from stopwatch No. 1. As the meniscus of the reaction mixture falls past the 
lower mark, record the time (T t ) , in sec, fran stopwatch No. 2. Immediately 
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re-draw the reaction mixture above the upper mark and into the driving fluid 
head. As the meniscus falls freely past the upper mark, restart stopwatch 
No. 2, and at the same time record the reaction time (T^) , in min, from 
stopwatch No. 1. As the meniscus falls past the lower mark, record the time 
(T t ) , in sec, frctti stopwatch No. 2 . Repeat the latter operation, beginning 
with "Immediately re-draw the reaction mixture ..." until a total of four 
determinations are obtained over a reaction time (T R ) of not more than 15 min. 

Prepare a substrate blank by pipetting 1.0 ml of water into a mixture 
of 20.0 ml of Substrate Solution and 4.0 ml of Acetate Buffer , and then 
immediately pipet 10. 0 ml of this mixture into the wide arm of the Viscometer . 
Determine the time (T s ) , in sec, required for the meniscus to fall between the 
two marks. Use an average of five determinations as T s . 

Prepare a water blank by pipetting 10.0 ml of water, previously 
equilibrated to 40" ± 0.1”, into the wide arm of the Viscometer . Determine the 
time (TJ , in sec, required for the meniscus to fall between the two marks. 
Use an average of five determinations as T M . 

Calculation 


One hemioellulase unit (HCU) is that activity that will produce a 
relative fluidity change of 1 over a period of 5 min in a locust bean gum 
substrate under the conditions specified. Calculate the relative fluidities 
(FR) and T values (see definition below) for each of the four efflux tiroes 
(T t ) and reaction times (T R ) as follows: 

F„ = - Hj) / (T, - TJ, 

31111 T R = 1/2 (T,/60) + T r = (T r /120) + T„, 

in which F„ is the relative fluidity for each reaction time; T s is the average 
efflux time for the substrate blank, in sec; T u is the average efflux time for 
the water blank, in sec; T t is the efflux time of the sample reaction mixture, 
in sec; T R is the elapsed time from zero time, in min, i.e. , the time from 
addition of the enzyme solution to the buffered substrate, until the beginning 
of the measurement of the efflux time (T t ) ; and T„ is the reaction time (T R ) , 
in min, plus one half of the efflux time (T t ) converted to min. 

Plot the four relative fluidities (F R ) as the ordinate against the four 
reaction times (T„) as the abscissa. A straight line should be obtained. The 
slope of the line corresponds to the relative fluidity change per min and is 
proportional to the enzyme concentration. The slope of the best line through 
a series of experimental points is a better criterion of enzyme activity than 
is a single relative fluidity value. From the curve determine the F ( values 
at 10 and 5 min. They should have a difference in fluidity of not more than 
0.22 and not less than 0.18. Calculate the activity of the enzyme saitple as 
follows: 

HCU/g = 1,0O0(F r10 - FjjJ/W, 

in which F R10 is the relative fluidity at 10 min reaction time; F^ is the 
relative fluidity at 5 min reaction time; 1,000 is mg per g; and W is the 
weight, in mg, of the enzyme sanple contained in the 1.0-ml aliquot of Sancle 
Preparation added to the equilibrated substrate in the Procedure . 


Copyrighted material 



172 


MILK CLOTTING ACTIVITY 


Scope 


This procedure is designed to be applied to enzyme preparations derived 
from either animal or microbial sources. 

Principle 

The method is based on a visual floculation endpoint. 

Appar atus 

Bottle-rotating apparatus 

Use a suitable assembly, designed to rotate at a rate of 16 to 18 rpm, 
such as the Dries-Jacques Associates typo model’ or equivalent 

Sample bottles 

Use 125-ml squat, round, wide-mouth bottles such as those available as 
Catalog No. 2-903 from Fisher Scientific Co. 2 , or equivalent. 

Substrate Solution 


Dissolve 60 g of lew-heat, nonfat dry milk (such as Peake Grade A 3 ) , or 
equivalent in 500 ml of a solution, adjusted to pH 6.3 if necessary, 
containing in each ml 2.05 mg of sodium acetate (NaCjHjO^) and 1.11 mg of 
calcium chloride (CaCl 2 ) . 


Standard Preparation 


Use a standard-strength rennet; bovine rennet; milk-clotting enzyme, 
microbial ( E. parasitica l ; or milk-clotting enzyme, microbial (Mucor species) 
as appropriate for the preparation to be assayed. Such standards, which are 
available from conmercial coagulant manufacturers, should be of known 
activity. Dilute the standard-strength material 1 to 200 with water, and mix. 
Equilibrate to 30* before use, and prepare no more than 2 h prior to use. 


Sample Preparation 


Prepare aqueous solutions or dilutions of the sample to produce a final 
concentration such that the clotting time, as determined in the Procedure 
belcw, will be within 1 min of that of the Standard Preparation. Prepare no 
more than 1 h prior to use. 


1 

2 


3 


Available from Dries-Jacques Associates, 1801 
Milwaukee, Wise. 53202, USA. 

Available from Fischer Scientific, 711 Forbes Av. , 
USA. 

Available from Gallcway west. Fond du Lac, Wise. 


East North Avenue , 


Pittsburgh, PA 15219, 


54935, USA. 
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Procedure 

Transfer 50.0 ml of the Substrate Solution into each of four 125-ml 
Sanple Bottles. Place the bottles on the Bottle-rotating Apparatus, and 
suspend the apparatus in a water bath, maintained at 30* ± 0.5, so that the 
bottles are at an angle or approximately 20* to 30' to the horizontal. Immerse 
the bottles so that the water level in the bath is about equal to the 
substrate level in the bottles. Begin rotating the apparatus at 16-18 rpm, 
then add 1.0 ml of the Sample Preparation to each of the two bottles, and 
record the exact time of addition. Add 1.0 ml of the Standard Preparation to 
each of the other two bottles, recording the exact time. Observe the rotating 
bottles, and record the exact time of the first evidence of clotting (i.e. 
when fine granules or flecks adhere to the sides of the bottle) . Variations 
in the response of different lots of the substrate may cause variations in 
clotting time; therefore, the test sanples and standards should be measured 
simultaneously on the same substrate. Average the clotting time, in sec, of 
the duplicate samples, recording the time for the Standard Preparation as T s 
and that for the Sample Preparation as T v . 

Calculation 


Calculate the activity of the enzyme preparation by the formula: 

Milk-clotting Units/ml = 100 x (T 5 /T v ) x (DyD v ) 

in which 100 = the activity assigned to the Standard Preparation, 

D s = the dilution factor for the standard Preparation, 
and D v = the dilution factor for the Sample Preparation. 

Note . The dilution factors should be expressed as fractions; e.g. , a 
dilution of 1 to 200 should be expressed as 1/200. 


protease Acnvrry, viscometer 


Scope 


This procedure is designed for the determination of protease activity 
at pH 7. 

Prin ciple 

This assay is based on the enzymatic hydrolysis of the peptide bonds of 
a defined gelatin substrate at pH 7.0 and 40*. The corresponding reduction in 
substrate viscosity is determined with a calibrated viscometer. One 
Visccmetric Protease Unit is defined as that activity which will produce a 
relative fluidity change of 0.01 per sec in a defined gelatine substrate under 
the conditions of the assay. 
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Special Apparatus 

Calibrated viscometer 

Size 100 Calibrated Cannon-Fenske Type Viscometer, or its equivalent, 
supplied as Catalog No. P2885-100 1 . 

Constant temperature glass water bath (40* t 0.1”) 

Constant tenperature glass water bath, or its equivalent, supplied as 
Catalog No. W3520-10 1 . 


Stopwatches 

Stopwatch calibrated in 1/10 min for determining the reaction time (T r ) 
and stopwatch calibrated in 1/5 sec for determining the efflux time (T.) . 

Reagents and Solutions 


Disodium monohvdroaen phosphate solution (1 N) 

Dissolve 47.32 g of anhydrous disodium phosphate in approximately 800 ml 
of distilled water in a beaker. Quantitatively transfer to a 1,000-ml 
volumetric flask and dilute to volume with distilled water. 


Monosodium dihvdrouen phosphate solution fl N) 


Dissolve 40.00 g of anhydrous monosodium phosphate in approximately 
800 ml of distilled water in a beaker. CMantitatively transfer to a 1,000- 
ml volumetric flask and dilute to volume with distilled water. 


Phosphate buffer foH 7.0) 


Using a standardized pH -me ter, add disodium monohydrogen phosphate 
solution (1 N) with continuous agitation to 800 ml of monosodium dihydrogen 
phosphate solution (1 N) until the buffer is pH 7.0 ± 0.05. 


Gelatine substrate f4.0% w/v) 


With continuous agitation, disperse 20.00 g (moisture-free basis) of 
gelatin in approximately 400 ml of distilled water in a 1,000-ml Erlenmeyer 
flask. The dispersion must be free of lunps. Swell the gelatin for 30 min at 
room temperature with occasional swirling. Place the gelatin solution on a 40* 
± 0.1” waterbath. Swirl occasionally until the gelatin is completely 
solubilized with no particles appearing in solution. Cool to room temperature 
and quantitatively transfer to a 500-ml volumetric flask and dilute to volume 
with distilled water. 


Enzyme Preparation 


Prepare an enzyme solution so that 1 ml of the final dilution will 
produce a relative fluidity change between 0.18 and 0.22 in 5 min under the 


Available from Scientific Products, 1210 Waukegan Rd. , McGaw Park, 111. 
60085, USA. 
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conditions of the assay. Weigh the enzyme and quantitatively transfer to a 
glass mortar. Triturate the enzyme with distilled water and quantitatively 
transfer to an appropriate volumetric flask. Dilute the volume with distilled 
water and filter the enzyme solution through Whatman No. 1 filter paper, or 
equivalent, prior to use. 

Procedure 

Place the calibrated viscometer in the 40 ± 0.1° waterbath in an exactly 
vertical position. Use only a clean viscometer. Cleaning is readily 
accomplished by drawing a large volume of detergent solution followed by 
distilled water through the viscometer. This can be accomplished by using an 
aspirator with a rubber tube connected to the narrow arm of the viscometer. 

Pipet 20 ml of gelatin substrate and 3 ml of phosphate buffer into a 
50 ml Erlenmeyer flask. Allow at least two flasks for each enzyme sample and 
one flask for a substrate blank. Stepper the flasks and equilibrate them in 
the waterbath for 15 min. At zero time pipet 1 ml of the enzyme solution into 
the equilibrated substrate. Start the stopwatch calibrated in 0.1 min and mix 
solution thoroughly. Immediately pipet 10 ml of the reaction mixture into the 
wide arm of the viscometer. 

After approximately 2 min apply suction with a rubber tube connected to 
the narrow arm of the viscometer drawing the reaction mixture above the upper 
mark into the driving fluid head. Measure the efflux time by allowing the 
reaction mixture to freely flow down past the upper mark. As the meniscus of 
the reaction mixture falls past the upper nark, start the other stopwatch. At 
the same time record the reaction time in min from the first stopwatch (T r ) . 
As the meniscus of the reaction mixture falls past the lewer mark, record the 
time in sec from the second stopwatch (T t ) . Inmediately redraw the reaction 
mixture above the upper mark and into the fluid driving head. As the meniscus 
of the reaction mixture falls freely past the upper nark, restart the second 
stopwatch. At the same time, record the reaction time in min from the first 
stopwatch (T r ) . As the meniscus of the reaction mixture falls past the lower 
mark, record the time in sec, from the second stopwatch (T t ) . 

Repeat from redrawing the reaction mixture above the upper mark, until 
a total of 4 determinations is obtained over a reaction time (T r ) of not more 
than 15 min. 

Prepare a substrate blank by pipetting 1 ml of distilled water into 
24 ml of buffered substrate. Pipet 10 ml of the reaction mixture into the wide 
arm of the viscometer. Determine the time (T s ) in sec required for the 
meniscus to fall between the two marks. Use an average of 5 determinations for 

V 


Prepare a water blank by pipetting 10 ml of equilibrated distilled water 
into the wide arm of the viscometer. Determine the time (TJ in sec required 
for the meniscus to fall between the two marks. Use an average of 5 
determinations for T u . 
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Calculation 


One Visccmetric Protease Unit (VHJ) is that activity which will produce 
a relative fluidity change of 0.01 per sec in a defined gelatin substrate 
under the conditions of the assay. 


Calculate the relative fluidities (F r ) and the tines (T n ) for each of 
the four (4) efflux tiroes (T t ) and reaction times (T r ) as follcws: 


F r = ( T s “ TJ/(T t - TJ 

T n = 1/2 (T t /60) + T r = (T t /120) + T r 


where 



relative fluidity for each reaction time, 
average efflux time for the substrate blank in sec, 
average efflux time for the water blank in sec, 
efflux time of the reaction mixture in sec, 

elapsed time in min from zero time, i.e. the time fran addition 
of the enzyme solution to the buffered substrate, until the 
beginning of the measurement of efflux time (T t ) , 
reaction time in min (T r ) , plus one-half of the efflux time (T t ) 
converted to min. 


Plot the four relative fluidities (F r ) as the ordinate against the four 
reaction times (T r ) as the abscissa. A straight line should be obtained. The 
slope of this line corresponds to the relative fluidity change per min and is 
proportional to the enzyme concentration. The slope of the best line through 
a series of experimental points is a better criterion of enzyme activity than 
is a single relative fluidity value. From the graph determine the F r values 
at 10 and 6 min. They should have a difference in fluidity of not more than 
0.22 nor less than 0.18. Calculate the activity of the enzyme unkncwn as 
follows: 


VHJ/g 


1,000 (F 10 - F.) 


W X 300 X 0.01 


333 (F . fl - F rt ) 


where 

F rt = relative fluidity at five (5) min of reaction time 

F rl0 = relative fluidity at ten (10) min of reaction time 

300 = time of relative fluidity change in sec from F r)0 to F rf 

1,000 = milligrams per g 

W = weight in milligrams of enzyme added to the reaction mixture 
in a one (1) ml aliquot of enzyme solution 
0.01 = change in relative fluidity per sec per VFU. 


PROTEOLYTIC ACTIVITY, BACTERIAL (PC) 


Scope 


This procedure is designed for the determination of protease activity 
expressed as PC units. 
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Princip le 

The assay is based on a 30-min proteolytic hydrolysis of casein at 37" 
and pH 7.0. Unhydrolyzed casein is removed by filtration, and the solubilized 
casein is determined spectrophotcmetrically. 

Reagents and Solution s 

Casein 


Use Hammarsten -grade casein 1 or equivalent. 

Tris buffer (ch 7.01 

Dissolve 12.1 g of enzyme-grade (or equivalent) tris (hydro- 
xymethyl ) aminomethane in 800 ml of water, and titrate with 1 N hydrochloric 
acid to pH 7.0. Transfer into a 1, 000-ml volumetric flask, dilute to volume 
with water, and mix. 

TCA solution 

Dissolve 18 g of trichloroacetic acid and 19 g of sodium acetate 
trihydrate in 800 ml of water in a 1, 000-ml volumetric flask, add 20 ml of 
glacial acetic acid, dilute to volume with water, and mix. 

Substrate solution 

Dissolve 6.05 g of enzyme-grade tris (hydroxymethyl ) amincmethane in 
500 ml of water, add 8 ml of 1 N hydrochloric acid, and mix. Dissolve 7 g of 
Casein in this solution, and heat for 30 min in a boiling water bath, stirring 
occasionally. 

Cool to room temperature, and adjust to pH 7.0 with 0.2 N hydrochloric 
acid, adding the acid slowly, with vigorous stirring, to prevent precipitation 
of the casein. Transfer the mixture into a 1, 000-ml volumetric flask, dilute 
to volume with water, and mix. 

Sample Preparation 

Using Tris Buffer, prepare a solution of the sample enzyme preparation 
so that 2 ml of the final dilution will contain between 10 and 44 PC units. 

Rrgcecftire 


Pipet 10.0 ml of the Substrate Solution into each of a series of 25 x 
150-mm test tubes, alleging one tube for each enzyme test, one tube for each 
enzyme blank, and one tube for a substrate blank. Equilibrate the tubes for 
15 min in a water bath maintained at 37" ± 0.1". At zero time, rapidly pipet 
2.0 ml of the Sample Preparation into the equilibrated substrate, starting the 
stopwatch at zero time. Mix, and replace the tubes in the waterbath. Add 2 ml 
of Tris Buffer (instead of the Sample Preparation) to the substrate blank. 


Available from Nutritional Biochemical Corp., 21010 Miles Ave., 
Cleveland, Ohio 44128, USA. 
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After exactly 30 min, add 10 ml of TCA Solution to each enzyme incubation and 
to the substrate blank to stop the reaction. ( Caution : Do not use mouth 
suction for the TCA Solution.) Heat the tubes in the waterbath for an 
additional 30 min to allow the protein to coagulate oorpletely. 

At the end of the second heating period, shake each tube vigorously, and 
filter thrombi ll-cm Whatman No. 42, or equivalent, filter paper, discarding 
the first 3 ml of filtrate. 

Note . The filtrate must be perfectly clear. 

Determine the absorbance of each sanple filtrate in a 1-cm cell, at 
275 nm, with a suitable spectrophotometer, using the filtrate from the 
substrate blank to set the instrument at zero. Oorrect each reading by 
subtracting the appropriate enzyme blank reading, and record the value so 
obtained in 

Standard Curve 

Transfer 100 mg of L- tyrosine, chranatographic-grade 2 or equivalent, 
previously dried to constant weight, to a 1,000-ml volumetric flask. Dissolve 
in 60 ml of 0.1 N hydrochloric acid. 

When ccrpletely dissolved, dilute the solution to volume with water, and 
mix thoroughly. This solution contains 100 fig of tyrosine in 1.0 ml. Prepare 
three more dilutions frcm this stock solution to contain 75.0, 50.0 and 
25.0 jig of tyrosine per ml. Determine the absorbanoe of the four solutions at 
275 nm in a 1-cm cell with a suitable spectrophotometer versus 0.006 N 
hydrochloric acid. Prepare a plot of absorbanoe versus tyrosine concentration. 

Calculation 

One bacterial protease unit (PC) is defined as that quantity of enzyme 
that produces the equivalent of 1.5 fig per ml of Lr-tyrosine per min under the 
conditions of the assay. 

Frcm the Standard Curve, and by interpolation, determine the absorbanoe 
of a solution having a tyrosine concentration of 60 fig per ml. A figure close 
to 0.0115 should be obtained. Divide the interpolated value by 40 to obtain 
the absorbanoe equivalent to that of a solution having a tyrosine 
concentration of 1.5 fig per ml and record the value thus derived as A^. 

Calculate the activity of the sanple enzyme preparation by the formula: 
PC/g = (VA,) x (22/30W) 

in which 22 = the final volume, in ml of the reaction mixture, 

30 = the time of the reaction, in min, 
and W = the weight of the original sanple taken, in g. 


Available frcm Calbiochem, La Jolla, Calif. 92037, USA. 
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PROTEOLYTIC ACTIVITY, FUNG3VL (HOT) 

Application and Principle 

This procedure is for the determination of the proteolytic activity, 
expressed as hemoglobin units on the tyrosine basis (HUT) , of preparations 
derived from Aspergillus orvzae . var. , and Aspergillus niaer . var. , and it may 
be used to determine the activity of other proteases at pH 4.7. The test is 
based on the 30-min enzymatic hydrolysis of a hemoglobin substrate at pH 4.7 
and 40" . Unhydrolyzed substrate is precipitated with trichloroacetic acid and 
removed by filtration. The quantity of solubilized hemoglobin in the filtrate 
is determined spectrophotcnetrically. 

Reagents and Solutions 

Hemoglobin : Use Hemoglobin Substrate Powder (Worthington Biochemical 
Corp. , Freehold, N.J. 07728) or a similar high-grade material that is 
completely soluble in water. 

Acetate Buffer Solution : Dissolve 136 g of sodium acetate (NaCdijOj -3^0) 
in sufficient water to make 500 ml. Mix 25.0 ml of this solution with 50.0 ml 
of 1 fj acetic acid, dilute to 1,000 ml with water, and mix. The pH of this 
solution should be 4.7 + 0.02. 

Substrate Solution : Transfer 4.0 g of the Hemoglobin into a 250-ml 
beaker, add 100 ml of water, and stir for 10 min to dissolve. Immerse the 
electrodes of a pH meter in the solution, and adjust the pH to 1.7, stirring 
continuously, by the addition of 0.3 H hydrochloric acid. After 10 min, adjust 
the pH to 4.7 by the addition of 0.5 M sodium acetate. Transfer the solution 
into a 200-ml volumetric flask, dilute to volume with water, and mix. This 
solution is stable for about 5 days when refrigerated. 

Trichloroacetic Acid Solution : Dissolve 140 g of trichloroacetic acid 
in about 75 ml of water. Transfer the solution to a 100-ml volumetric flask, 
dilute to volume with water, and mix thoroughly. 

Sample Preparation : Dissolve an amount of the sample in the Acetate 
Buffer Solution to produce a solution containing, in each ml, between 9 and 
22 HOT. (Such a concentration will produce an absorbance reading, in the 
procedure belcw, within the preferred range of 0.2 to 0.5.) 

Procedure : Pipet 10.0 ml of the Substrate Solution into each of a series 
of 25 x 150-nm test tubes: one for each enzyme test and one for the substrate 
blank. Heat the tubes in a water bath at 40* for about 5 min. To each tube 
except the substrate blank add 2.0 ml of the Sairole Preparation , and begin 
timing the reaction at the moment the solution is added; add 2.0 ml of the 
Acetate Buffer Solution to the substrate blank tube. Close the tubes with 
No. 4 rubber stoppers, and tap each tube gently for 30 sec against the palm 
of the hand to mix. Heat each tube in a water bath at 40' for exactly 30 min, 
and then pipet rapidly 10.0 ml of the Trichloroacetic Acid Solution into each 
tube. ( Caution : Do not use mouth suction on the pipet.) Shake each tube 
vigourously against the stopper for about 40 sec, and then allow to oool to 
rocm temperature for 1 h, shaking each tube against the stopper at 10 to 
12 min intervals during this period. Prepare enzyme blanks as follows: heat, 
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in separate tubes, 10.0 ml of the Trichloroacetic Acid Solution in 10.0 ml of 
the Substrate Solution , shake well for 40 sec, and to this mixture add 2.0 ml 
of the preheated Sample Preparation . Shake again, and cool at roan temperature 
for 1 h, shaking at 10 to 12 min intervals. 


At the end of 1 h, shake each tube vigourously, and filter through 11-an 
Whatman No. 42, or equivalent, filter paper, refiltering the first half of the 
filtrate through the same paper. Determine the absorbance of each filtrate in 
a 1-on cell, at 275 nm, with a suitable spectrophotometer, using the filtrate 
frcm the substrate blank to set the instrument to zero. Correct each reading 
by subtracting the appropriate enzyme blank reading, and record the value so 
obtained as (Note: If a corrected absorbance reading between 0.2 and 0.5 
is not obtained, repeat the test using more or less of the enzyme preparation 
as necessary) . 


Standard Curve 


Transfer 100.0 mg of L-tyrosine, chrcrva tograph i c-grade or equivalent 
(Calciochem, la Jolla, Ca. 92037) , previously dried to constant weight, to a 
1,000-ml volumetric flask. Dissolve in 60 ml of 0.1 N hydrochloric acid. When 
completely dissolved, dilute the solution to volume with water, and mix 
thoroughly. This solution contains 100 pg of tyrosine in 1.0 ml. Prepare three 
more dilutions from this stock solution to contain 75.0, 50.0, and 25.0 #jg of 
tyrosine per ml. Determine the absorbance of the four solutions at 275 nm in 
a 1-cm cell on a suitable spectrophotometer versus 0.006 N hydrochloric acid. 
Prepare a plot of absorbance versus tyrosine concentration. Determine the 
slope of the curve in terms of absorbance per jjg of tyrosine. Multiply this 
value by 1.10, and record it as A,. A value of approximately 0.0084 should be 
obtained. 


Calculation 

One HUT unit of proteolytic (protease) activity is defined as that 
amount of enzyme that produces, in 1 min under the specified conditions, a 
hydrolysate whose absorbance at 275 nm is the same as that of a solution 
containing 1.10 /xj per ml of tyrosine in 0.006 N hydrochloric acid. 

Calculate the HOT per g of the original enzyme preparation by the 
formula, 


HOT/g = (A^Aj) X (22/30W) , 

in which 22 is the final volume of the test solution, 30 is the reaction time 
in min, and W is the weight of the original sanple taken, in g ( Note : The 
value for Aj, under carefully controlled and standardized conditions, is 
0.0084; this value may be used for routine work in lieu of the value obtained 
from the standard curve, but the exact value calculated from the standard 
curve should be used for more accurate results and in cases of doubt) . 
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PROTEOLYTIC ACTIVITY, FUNGAL (SAP) 
appl icatio n an d Principle 

This procedure is for the determination of proteolytic activity, 
expressed in specfcrophotanetric acid protease units (SAHJ) , of preparations 
derived from Aspergillus nicer , var. , and Aspergillus orvzae . var. The test 
is based on a 30-min enzymatic hydrolysis of a Harmarsten Casein Substrate at 
pH 3.0 and 37*. Unhydrolyzed substrate is precipitated with trichloroacetic 
acid and removed by filtration. The quantity of solubilized casein in the 
filtrate is determined spectrophotanetrically. 

Reagents and Solutions 

Casein : Use Hammarsten-grade casein, available from Nutritional 
Biochemical Corp. , 21010 Miles Avenue, Cleveland, Ohio 44128. 

Glvcine-Hvdrochloric Acid Buffer (0.05 M) : Dissolve 3.75 g of glycine 
in about 800 ml of water. Add 1 N hydrochloric acid until the solution is 
pH 3.0, determined with a pH meter. Quantitatively transfer the solution to 
a 1000-ml volumetric flask, dilute to volume with water, and mix. 

TCA Solution : Dissolve 18.0 g of trichloroacetic acid and 11.45 g of 
anhydrous sodium acetate in about 800 ml of water, and add 21.0 ml of glacial 
acetic acid. Quantitatively transfer the solution to a 1000-ml volumetric 
flask, dilute to volume with water, and mix. 

Substrate Solution : Pipet 8 ml of 1 {1 hydrochloric acid into about 
500 ml of water, and disperse 7.0 g (moisture-free basis) of Casein into this 
solution, using continuous agitation. Heat for 30 min in a boiling water bath, 
stirring occasionally, and cool to roam temperature. Dissolve 3.75 g of 
glycine in the solution, and adjust to pH 3.0 with 0.1 N hydrochloric acid, 
using a pH meter. Quantitatively transfer the solution to a 1000-ml volumetric 
flask, dilute to volume with water, and mix. 

Sample Preparation Using Glvcine-Hvdrochloric Acid Buffer : Prepare a 
solution of the sairple enzyme preparation so that 2 ml of the final dilution 
will give a corrected absorbance of enzyme incubation filtrate at 275 nm (AA, 
as defined in the Procedure) between 0.200 and 0.500. Weigh the enzyme 
preparation, quantitatively transfer it to a glass mortar, and triturate with 
Glycine-Hydrochloric Acid Buffer . Quantitatively transfer the mixture to an 
appropriately sized volumetric flask, dilute to volume with Glvcine- 
Hvdrochloric Acid Buffer , and mix. 

Procedure 

Pipet 10.0 ml of Substrate Solution into each of a series of 25 x 150 mm 
test tubes, allowing at least two tubes for each sample, one for each enzyme 
blank, and one for a substrate blank. Stopper the tubes, and equilibrate than 
for 15 min in a water bath maintained at 37* ± 0.1*. 

At zero time, start the stopwatch, and rapidly pipet 2.0 ml of the 
Sarrale Preparation into the equilibrated substrate. Mix by swirling, and 
replace the tubes in the water bath. ( Note : The tubes must be stoppered during 
incubation) . Add 2 ml of Glvcine-Hvdrochloric Acid Buffer ( instead of the 
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Sample Preparation ) to the substrate blank. After exactly 30 min, add 10 ml 
of TCA Solution to each enzyme incubation and to the substrate blank to stop 
the reaction, f Caution : Do not use mouth suction for the TCA Solution. ) In the 
following order, prepare an enzyme blank containing 10 ml of Substrate 
Solution . 10 ml of TCA Solution , and 2 ml of the Sample Preparation . Heat all 
tubes in the water bath for 30 min, allowing the precipitated protein to 
coagulate completely. 


At the end of the second heating period, cool the tubes in an ice bath 
for 5 min, and filter through Whatman No. 42 filter paper, or equivalent. The 
filtrates must be perfectly clear. Determine the absorbance of each filtrate 
in a 1-on cell at 275 nm with a suitable spectrophotometer, against the 
substrate blank. Correct each absorbance by subtracting the absorbance of the 
respective enzyme blank. 


Standard Curve 


Transfer 181.2 mg of Lr-tyrosine, chromatographic-grade or equivalent 
(Calbiochem, La Jolla, Calif. 92037) , previously dried to constant weight, to 
a 1,000-ml volumetric flask. Dissolve in 60 ml of 0.1 N hydrochloric acid. 
When completely dissolved, dilute the solution to volume with water, and mix 
thoroughly. This solution contains 1.00 nmol of tyrosine in 1.0 ml. Prepare 
dilutions from this stock solution to contain 0.10, 0.20, 0.30, 0.40, and 0.50 
nmol per ml. Determine the absorbance of each dilution in l-cm cell at 275 nm, 
against a water blank, prepare a plot of absorbance versus pmol of tyrosine 
per ml. A straight line must be obtained. Determine the slope and intercept 
for use in the Calculation belcw. A value close to 1.38 should be obtained. 
The slope and intercept may be calculated by the least squares method as 
follcws: 


Slope 


Intercept 


nS(MA) - Z(M)E(A) 

nEfM 2 ) - (HI) 2 
^(AJZCM 2 ) - E(M)Z(MA) 

nT(rf) - (IM ) 2 


in which n is the number of points on the standard curve, M is the nmol of 
tyrosine per ml for each point on the standard curve, and A is the absorbance 
of the sample. 

Calculation 


One spectrophotcmetric acid protease unit is that activity that will 
liberate 1 nnol of tyrosine per min under the conditions specified. The 
activity is expressed as follows: 

SAPU/g = (AA - I) X 22/ (S X 30 X W) , 


in which A A is the corrected absorbance of the enzyme incubation filtrate; 
I is the intercept of the Standard Curve : 22 is the final volume of the 
incubation mixture, in ml; S is the slope of Standard curve ; 30 is the 
incubation time, in min; and W is the weight, in g, of the enzyme sample 
contained in the 2.0-ml aliquot of Sarrole Preparation added to the incubation 
mixture in the Procedure . 
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PROTEOLYTIC ACTIVITY, PUWT 


Scope 


This procedure is designed for the determination of the proteolytic 
activity of papain, ficin and bromelain. 

Principle 

The assay is based on a 60 min proteolytic hydrolysis of a casein 
substrate at pH 6.0 and 40*. Unhydrolyzed substrate is precipitated with 
trichloroacetic acid and removed by filtration; solubilized casein is then 
measured spectrophotametrically. 

Reagents and solution 

Sodium phosphate solution (0.05 M) 

Transfer 7.1 g of anhydrous dibasic sodium phosphate into a 1000-ml 
volumetric flask, dissolve in about 500 ml of water, dilute to volume with 
water, and mix. Add 1 drop of toluene as preservative. 

Citric acid solution (0.05 Ml 

Transfer 10.5 g of citric acid monohydrate into a 1, 000-ml volumetric 
flask, dissolve in about 500 ml of water, dilute to volume with water, and 
mix. Add 1 drop of toluene as preservative. 

Ihosohate-cvsteine-EDrA buffer solution 

Dissolve 7.1 g of anhydrous dibasic sodium phosphate in about 800 ml of 
water, and then dissolve in this solution 14.0 g of disodium EDTA dihydrate 
and 6.1 g of cysteine hydrochloride monohydrate. Adjust to pH 6.0 ± 0.1 with 
1 N hydrochloric acid or 1 N sodium hydroxide, then transfer into a 1, 000-ml 
volumetric flask, dilute to volume with water, and mix. 

Trichloroacetic acid solution 

Dissolve 30 g of trichloroacetic acid in 100 ml of water. 

Casein substrate solution 

Disperse 1 g (moisture-free basis) of Hammarsten casein or equivalent 
in 50 ml of Sodium Phosphate Solution, and heat for 30 min in a boiling water 
bath, with occasional shaking. Cool to roan temperature, and with rapid and 
continuous shaking, adjust to pH 6.0 ± 0.1 by the addition of citric acid 
solution. 

Note . Rapid and continuous agitation during the addition prevents casein 
precipitation. 

CUantitatively transfer the mixture into a 100-ml volumetric flask, 
dilute to volume with water, and mix. 
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St«yK..sjantjlatdl, solutjgn 


Transfer 100.0 mg of USP Papain Reference Standard into a 100-ml 
volumetric flask, dissolve and dilute to volume with Fhosphate-Cysteine-EDXA 
Buffer Solution, and mix. 


Diluted standard solutions 

Pipet 2, 3, 4, 5, 6 and 7 ml of Stock Standard Solution into a series 
of 100-ml volumetric flasks, dilute each to volume with Fhosphata-Cysteine- 
fXTEA Buffer Solution, and mix by inversion. 

Test solution 


Prepare a solution from the enzyme preparation so that 2 ml of the final 
dilution will give an absorbance in the Procedure between 0.2 and 0.5. Weic^i 
the sample accurately, transfer it quantitatively to a glass mortar, and 
triturate with Fhosphate-Cysteine-HJEA Buffer Solution. Transfer the mixture 
quantitatively into a volumetric flask of appropriate size, dilute to volume 
with Ehosphate-Cyste ine-EETA Buffer Solution, and mix. 

Procedure 


Pipet 5 ml of Casein Substrate Solution into each of a series of 25 x 
150 itm test tubes, allowing three tubes for the enzyme unknown, six for a 
papain standard curve, and nine for enzyme blanks. Equilibrate the tubes for 
15 min in a water bath maintained at 40’ ± 0.1*. At zero time, rapidly pipet 
2 ml of each of the Diluted Standard Solutions, and 2-ml portions of the Test 
Solution, into the equilibrated substrate, starting the stopwatch at zero 
time. Mix each by swirling, stopper and place the tubes back in the water 
bath. After 60.0 min. add 3 ml of Trichloroacetic Acid Solution to each tube. 
( Caution : Do not use mouth suction.) Mix each tube immediately by swirling. 


Prepare enzyme blanks containing 5.0 ml of Casein Substrate Solution, 
3.0 ml of Trichloroacetic Acid Solution, and 2.0 ml of one of the appropriate 
Diluted Standard Solutions or the Test Solution. 


Return all tubes to the water bath, and heat for 30.0 min allowing the 
precipitated protein to coagulate canpletely. Filter each mixture through 
Whatman No. 42, or equivalent, filter paper, discarding the first 3 ml of 
filtrate. The subsequent filtrate must be perfectly clear. Determine the 
absorbance of each filtrate in a 1-cm cell at 280 nm with a suitable 
spectrophotometer, against its respective blank. 

Calculation 


One papain unit (RJ) is defined in this assay as that quantity of enzyme 
that liberates the equivalent of 1 (ig of tyrosine per h, under the conditions 
of the assay. Prepare a standard curve by plotting the absorbances of 
filtrates from the Diluted Standard Solutions against the corresponding enzyme 
concentrations, in mg/ml. By interpolation from the standard curve, obtain the 
equivalent concentration of the filtrate from the Test Solution. Calculate the 
activity of the enzyme preparation taken for analysis as follows: 


Copyrighted material 



185 


RJ/mg = (A x C x 10)/W 
in which 

A = the activity of USP Papain Reference Standard, in RJ per mg, 

C = the concentration, in mg per ml, of Reference Standard froit the 
standard curve, equivalent to the enzyme unknown, 

10 = the total volume, in ml, of the final incubation mixture, 
and W = the weight, in mg, of original enzyme preparation in the 2-ml 
aliquot of Test Solution added to the incubation mixture. 


FULLUIANASE ACTIVITY 


Scope 


This procedure is designed for the determination of the pullulanase 
activity. 

Principle 

Pullulanase hydrolyses a 1-6 glycosidic links in branched poly- 
saccharides and breaks down pullulan to yield maltotriose only. Pullulan is 
produced by deep fermentation of Pul lular ia nullulans . After the reaction is 
complete, the reducing sugars formed are estimated by the reaction with 
dinitrosalicylic acid. Thus one unit of Pullulanase is the activity which will 
produce reducing sugars equivalent to 1 mg of anhydrous maltose after one min, 
under the conditions of the assay. 

Reagents 

Pullulan solution 

Add 1 g of standard pullulan 1 to 70 ml of distilled water. Boil for 
5 min, cool and add 10 ml of molar acetate buffer pH 5,0 then dilute to 
100 ml. Filter if necessary. This solution can be stored up to two weeks in 
a refrigerator. 

3.5-Dinitrosalicvlic acid reagent tD.N.S . ) 

Add 1 g of D.N.S. to 16 ml of 10% w/v sodium hydroxide solution. Add 
30 g of Rochelle salt (potassium sodium tartrate tetrahydrate) and 50 ml of 
distilled water and then warm until dissolved. Dilute this solution to 100 ml. 
It may be kept for 5 days at 5". 

Procedure 


Pipet 1 ml of substrate pullulan solution into a 17 x 1.5 cm test tube 
and place in a water bath at 50 • for 5 min. Add 1 ml of enzyme solution and 
allow reaction to proceed for exactly 10 min. Stop reaction by adding 2 ml of 
D.N.S. reagent. 


A suitable grade of Pullulan is available from A.B.M. Chemicals Limited, 
Woodley, Stockport, Cheshire, SK6 IPQ, United Kingdom. 
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Prepare a blank by adding 2 ml of D.N.S. reagent to substrate before the 
enzyme is added. 

Place the two tubes in a boiling water bath for exactly 5 min and then 
cool rapidly and add 10 ml of distilled water. Mix solutions well by shaking. 

Measure the absorbance of the test solution against the blank using 2-an 
glass cells at a wavelength of 540 ran. 

S&wdj^gatigh 


Hie reducing value measured is compared with that of a standard maltose 
solution. A standard maltose graph is not necessary as, for accurate results, 
the absorbance produced in the test should be between 0.2 - 0.5. As 1 mg of 
maltose will give an absorbance of 0.82, for the purpose of the calculation 
the definition is adjusted to read "0.4 units of activity will produce 0.4 mg 
of anhydrous maltose equivalent. . Therefore a standard maltose solution is 
made so that 1 ml contains 0.4 mg of anhydrous maltose and this solution is 
used for the test in place of the 1 ml of enzyme solution. Hie absorbance is 
read as before and should be 0.325. This reading is so constant that, if any 
difference is found, the wavelength calibration on the spectrophotometer 
should be checked. This is critical since very small errors in the wavelength 
can have large effects on the absorbance. 


Calculation 


For an unknown sairple several dilutions are made up and tested. A graph 
of absorbance against enzyme concentration is plotted and the concentration 
of enzyme which will give an absorbance of 0.325 is found. Then, by definition 
this concentration of enzyme contains 0.4 Pullulanase units. Thus the activity 
of Pullulanase preparation is found by: 

1,000 0.4 

Pullulanase activity/mg = * 

mg of enzyme in test 10 


Enzvma concentration 

mg in test 

Absorbance 

0.002% 

0.02 

0.170 

0.003% 

0.03 

0.245 

0.004% 

0.04 

0.325 

0.005% 

0.05 

0.390 

0.006% 

0.06 

0.465 

0.008% 

0.08 

0.595 

0.010% 

0.10 

0.720 

Fran the graph, an absorbance 

of 0.325 is given 

by 0.004% w/v enzyme 


solution. Therefore the activity equals 


1,000 

0.04 


0.4 


10 


1,000 units per g 
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Figure. Pullulanase Preparation Assay for a 50 mg/kg Solution 


This can now be used to construct a standard graph of absorbance against 
Pullulanase units for a fixed enzyme concentration. This graph can be used for 
all further samples. If the 0.005% solution is taken as standard, then its 
absorbance of 0.39 must give 1,000 units/g (as above) . From this, a graph can 
be constructed for any sanple at a concentration of 0.005% 


s concentration 

Absorbance 


0.002% 

0.170 

400 

0.003% 

0.245 

600 

0.004% 

0.325 

800 

0.005% 

0.390 

1,000 

0.006% 

0.465 

1,200 

0.008% 

0.595 

1,600 

0.010% 

0.720 

2,000 


A graph is drawn on absorbance against units/g for a 0.005% enzyme 
solution (see Figure) . 
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Emmie 


For an enzyme made up to concentration of 0.0025%, 0.005% and 0.0075%, 
the absorbances were found to be: 


Concentration 

Absorbance 

Units d 

0.0025% 

0,200 

480 

0.005% 

0.375 

950 

0.0075% 

0.553 

1,470 

Thus the activity is found 

as follows: 
0.005 


0.0025% 480 > 

0.005% 950 * 

0.0025 

0.005 

, 960 rVg 
. 950 u/g 

0.005 

0.005 

0.0075% 1,470 * 

0.0075 

. 980 u/g 


Average - 953 units/g 
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VI. METH3DS FOR FATS AND REIATED SUBSTANCES 
ACID VALUE 

Acid value is defined as the number of mg of potassium hydroxide 
required to neutralize the acids in 1 g of fatty material. 

Unless otherwise directed, weigh accurately about 5 g of sample into a 
500-ml Erlenmeyer flask, and add 75-100 ml of hot neutral ethanol. Agitation 
and further heating may be necessary to effect complete solution of the 
sanple. For some sanples, it may be necessary to use as the solvent a 1:1 
mixture of neutralized diethyl ether/ethanol or petroleum spirit/ethanol. Add 
0.5 ml of phenolphthalein TS and titrate immediately, while shaking, with 
0.5 N KDH until the pink colour persists for at least 30 sec. (For acidity 
less than 2% by weight, 0.1 N KDH should be used for the titration; for 
acidity less than 0.2% by weight, it is necessary, in addition, to first 
neutralize the carbon dioxide in the reaction vessel.) 

Acid value , 56.1 x T x N 

W 

where T = titre (ml) , N = normality of potassium hydroxide solution, and W = 
weight of sample (g) . 


CONGEALING RANGE 

Melt in a glass tube (25 mm in diameter and 100 mm in length, the glass 
being 1 mm in thickness) about 5 g of the sample by heating gently to 15*- 
20* above the expected congealing range. By means of a perforated cork, fasten 
the tube in a wide-mouthed bottle of clear glass, approximately 70 iren in 
diameter and 150 nm in height. Suspend a standard thermometer in the melted 
sample so that it will serve as a stirrer, cool if necessary, and stir the 
mass slowly until the mercury remains stationary for 30 sec. Discontinue 
stirring and allow the thermometer to hang, with the bulb in the centre of the 
sample, and observe the rise of the mercury column. The highest point to which 
it rises is the congealing temperature. 


FREE FATTY ACIDS 
(Based on toes' Method Ca 5a-40) 

Unless otherwise directed, weigh accurately the appropriate amount of 
the sample, indicated in the table below, into a 250-ml Erlenmeyer flask or 
other suitable container. Add 2 ml of phenolphthalein TS to the specified 
amount of hot alcohol, neutralize with alkali to the first faint but permanent 
pink colour, and then add the hot neutralized alcohol to the sanple container. 
Titrate with the appropriate normlity of sodium hydroxide, shaking 
vigorously, to the first permanent pink colour of the same intensity as that 
of the neutralized alcohol. The colour must persist for at least 30 sec. 
Calculate the percentage of free fatty acids (FFA) in the sanple by the 


AOCS: American Oil Chemists' Society. 
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formula VNe/W, in which V is the 
of the sodium hydroxide used, W 
the equivalence factor given in 


volume and N is the normality, respectively, 
is the weight of the sample, in g, and e is 
the monograph. 


FFA Range 

(%) 


g of sample ml of alcohol Strength of 

NaOH 


0.00-0.2 

56.4 

± 0.2 

50 

0.1 N 

0. 2-1.0 

28.2 

± 0.2 

50 

0.1 N 

1.0-30.0 

7.05 

± 0.05 

75 

0.25 N 

30.0-50.0 

7.05 

± 0.05 

100 

0.25-1.0 N 

50.0-100 

3.525 

± 0.001 

100 

1.0 N 


HYDROXYL VALUE 


Hydroxyl value is defined as the number of mg of potassium hydroxide 
required to neutralize the acetic acid capable of combining by acetylation 
with 1 g of sanple. 


Weigh accurately the appropriate amount of sample according to the 
expected hydroxyl value and transfer it into a 250-ml glass-stoppered 
Erlenmeyer flask. 


Hydroxyl value 


Sample weight (q) 


0 to 20 10 
20 to 50 5 
50 to 100 3 
100 to 200 2 


Pipet 5.0 ml of pyridine/acetic anhydride TS into the flask. (For 
sanples having a 0-20 hydroxyl value, add an additional 5 ml of 
pyridine/acetic anhydride TS to the flask.) Thoroughly mix the contents by 
gently swirling. Pipet 5.0 ml of pyridine/acetic anhydride TS into an enpty 
flask for the reagent blank. (If 10.0 ml of the reagent were used for the 
acetylation, use a 10.0-ml blank.) Place the flasks on a steam bath, under 
reflux condensers, and heat for 1 h. To hydrolyze excess aoetic anhydride, add 
sufficient water (not exceeding about 10 ml) through the condensers to the 
flasks. If the solution separates into two layers, add sufficient pyridine to 
obtain a homogeneous solution. Heat on a steam bath for 10 min with reflux 
condensers attached. Add 25 ml of neutralized n-butanol, about half of it 
through the condensers and the remainder to wash down the sides of the flasks 
after removal of the condensers. Add 1 ml of phenolphthalein TS and titrate 
to a faint pink enc^oint with 0.5 N ethanol ic KOH solution. To correct for 
free acid, mix about 10 g of the sanple, accurately weighed, with 10 ml of 
pyridine (neutralized to phenolphthalein) , add 1 ml of phenolphthalein TS and 
titrate to a faint pink endpoint with 0.5 N ethanol ic potassium hydroxide. 


Calculate the hydroxyl value by 


the formula: 
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Hydroxyl value = 


[B . 


S] * N * 56.1 


W 


where A = 
B = 
C = 
S = 

W = 
N = 


ml of KDH solution required for the free acid determination, 

ml of KDH solution required for the reagent blank, 

weight of sample used for the free acid determination, 

ml of KDH solution required for titration of the aoetylated 

sanple, 

weight of sample used for acetylation, 
normality of the ethanol ic KDH solution. 


UDENITFICMTCN TESTS FOR FUNCTIONAL GROUPS 
Fatty Acids upon hydrolysis (A) 

Reflux 1 g of sairple with 15 ml of 0.5 N ethanolic potassium hydroxide 
for 1 h. Add 15 ml of water, acidify with dilute hydrochloric acid TS (about 
6 ml) . Oily drops or a white to yellowish-white solid is produced which is 
soluble in 5 ml of hexane. 

Remove the hexane layer, extract again with 5 ml of hexane and again 
remove the hexane layer. The fatty acids thus extracted may be identified by 
gas-liquid chromatography. Carry out the whole of the procedure in a fumehood. 

The aqueous layer is used for tests B through H. 

Acetic acid (B) 

Transfer about 5 ml of the aqueous layer resulting from test A into a 
dish, add excess calcium carbonate and evaporate until dry. Transfer the major 
part of the residue into a glass tube. Place a filter paper, moistened with 
Reagent for aoetone, on top of the tube. Heat as indicated in the Figure. 

The yellow colour of the paper changes into greenish blue by reaction 
of the Reagent for acetone, with the calcium acetate formed. 

Reagent for Acetone 

A saturated solution of o-nitrobenzaldehyde in sodium hydroxide TS, 
freshly prepared. 

Succinic acid (C) 

Transfer one drop of the aqueous layer resulting (rag test A and a drop 
of a 0.5% solution of ainnanium chloride and several mg of zinc pcwder into a 
micro test tube. 

The mouth of the tube is covered with a disk of filter paper moistened 
with a solution in benzene of 5% p-dimethylamino-benzaldehyde and 20% 
trichloroacetic acid. The botton of the test tube is heated vigorously with 
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micro flame 




A 


Figure 

a micro flame (see Figure) for about 1 min. Depending on the amount of 
succinic acid or suocinimide, a red-violet or pink stain appears on the paper. 


Funaric acid (D) 


Transfer 1 ml of the aqueous layer resulting from test A with 1 ml of 
2 N sodium carbonate into a test tube. Add 2 or 3 drops of 0.1 N potassium 
permanganate. The solutions is prcnprtly discoloured. 


Tartaric acid 


(E) 


Evaporate about 5 ml of the aqueous layer resulting from test A in a 
porcelain dish until dry. Add 2 ml of concentrated sulfuric acid containing 
0.5% of pyrogal lol and heat on a steam bath. An intense violet colour is 
produced. 


Citric acid (F) 


To 3 ml of the aqueous layer resulting from test A add a few drops of 
1% potassium permanganate and warm until the colour has disappeared. Then add 
an excess of brtmine TS. A white precipitate (pentabramoacetone) is formed 
immediately or on cooling. 

Evaporate 1 ml of the aqueous layer resulting from test A in a porcelain 
dish, add 1 ml of a mixture of 1 vol aaetic anhydride and 5 vol of pyridine 
into the warm dish. A violet colour is produced. (Tartaric acid produces a 
green colour. ) 

Lactic acid (G) 


Transfer 0.2 ml of the aqueous layer resulting fron test A and 2 ml of 
concentrated sulfuric acid into a test tube and place for 2 min in boiling 
water. Cool and add 1 or 2 drops of a 5% guaiacol solution in ethanol. A red 
colour is inmediately produced. 


If tartaric acid is present according to test E, it must be removed as 
follows: transfer 3 ml of the aqueous layer resulting from test A and an 
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excess of calcium hydroxide as a powder into a test tube, place in boiling 
water for 5 min, shaking several times, cool and filter. 

Glycerol (H) 

Transfer 5 ml of the aqueous layer resulting front test A into a test 
tube. Add excess calcium hydroxide as a powder, place in boiling water for 
5 min, shaking several times, cool and filter. 

Transfer one drop of the filtrate into a tube as indicated in the Figure 
and add about 50 mg of potassium hydrogen sulfate. Place a filter paper, 
moistened with Reagent for acrolein, on the top of the tube. Heat as indicated 
in the Figure. A blue coloured filter paper indicates the presence of 
glycerol. The colour changes to light red after addition of sodium hydroxide 
TS. 


The test cannot be employed in the presence of ethylene glycol or lactic 
acid, since they decompose under the prescribed conditions yielding 
acetaldehyde which reacts with the reagents in the same manner as acrolein. 

Reagent for acrolein 

Prepare a 5% solution of disodium pen tacyanonitrosyl ferrate in water and 
a 20% piperidine solution in water. Mix the solutions 1:1 immediately before 
use. 


Polyols 

Principle 

The sample is hydrolysed. Fatty acids are removed by ion exchange in 
ocmbination with hexane extraction. The components of the filtrate are 
separated by thin layer chromatography. 

Procedure 


Reflux 1 g of sample with 15 ml of 0.5 N ethanol ic potassium hydroxide 
for 1 h. Add 25 g of strong cation ion exchange resin (such as Amberlite I R 
120, H-form) , 50 ml of hexane and 25 ml of water. Stir the mixture for about 
1 h. Filter off the resin and, after allowing the layers of the filtrate to 
separate, take the aqueous layer for TLC. 

Prepare a silicic acid G (Merck) plate and allow it to air dry at rocm 
temperature . Spot 2 to 5 jil portions of the aqueous layer onto the plate and 
also 2 Ml of 5% solutions of glycerol, ethylene glycol arid 1,2-propylene 
glycol. 

Develop the chromatogram using chloroform: aoetone: 5 N ammonia (10:80:10) 
as the solvent system. After development, dry the plate in a stream of air 
until the water and ammonia have been removed. 

Spray the plate with a solution of lead acetate (1% w/v in toluene) and 
heat the plate for 5 min at 110*. 1,2-Diols are revealed as white spots on a 
brown background. 
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The following are examples of values that may be obtained: 


Glycerol 0.35 
Ethylene glycol 0.70 
1 , 2 -Propylene glycol 0.85 


IODINE VALUE 
(Wijs Method) 

The iodine value is a measure of unsaturation and is expressed as the 
number of g of iodine absorbed, under the prescribed conditions, by 100 g of 
the test substance. 


Wijs Solution 

Dissolve 13 g of resublimed iodine in 1,000 ml of glacial acetic acid. 
Pipet 10.0 ml of this solution into a 250-ml flask, add 20 ml of potassium 
iodide TS and 100 ml of water, and titrate with 0.1 N sodium thiosulfate 
adding starch TS near the endpoint. Record the volume required as A. Set aside 
about 100 ml of the iodine-acetic acid solution for future use. Pass chlorine 
gas, washed and dried with sulfuric acid, through the remainder of the 
solution until a 10.0-ml portion requires not quite twice the volume of 0.1 N 
sodium thiosulfate consumed in the titration of the original iodine solution. 
A characteristic colour change occurs when the desired amount of chlorine has 
been added. Alternatively, Wijs solution may be prepared by dissolving 16.5 g 
of iodine roonochloride, IC1, in 100 ml of glacial acetic acid. Store the 
solution in amber bottles sealed with paraffin until ready for use, and use 
within 30 days. 


Total halogen content 


Pipet 10.0 ml of Wijs Solution into a 500-ml Erlenmeyer flask containing 
150 ml of recently boiled and cooled water and 15 ml of potassium iodide TS. 
Titrate immediately with 0.1 N sodium thiosulfate, recording the volume 
required as B. 

Halogen ratio 

Calculate the I/Cl ratio by the formula A/ (B - A) . The halogen ratio 
must be between 1.0 and 1.2. If the ratio is not within this range, the 
halogen content can be adjusted by the addition of the original solution or 
by passing more chlorine through the solution. 


Procedure 


The appropriate weight of the sample, in g, is calculated by dividing 
the number 25 by the expected iodine value. Melt the sample, if necessary, and 
filter it through a dry filter paper. Transfer the accurately weighed quantity 
of the sample into a clean, dry, 500-ml glass-stoppered bottle or flask 
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containing 20 ml of carton tetrachloride , and pipet 25.0 ml of Wiis Solution 
into the flask. The excess of iodine should tie between 50% and 60% of the 
quantity added, that is, between 100% and 150% of the quantity absorbed. 
Swirl, and let stand in the dark for 30 min. Add 20 ml of potassium iodide TS 
and 100 ml of recently boiled and cooled water, and titrate the excess iodine 
with 0.1 N sodium thiosulfate, adding the titrant gradually and shaking 
constantly until the yellow colour of the solution almost disappears. Add 
starch TS, and continue the titration until the blue colour disappears 
entirely. Tcward the end of the titration, stopper the container and shake it 
violently so that any iodine remaining in solution in the carbon tetrachloride 
may be taken up by the potassium iodide solution. Concomitantly, conduct two 
determinations on blanks in the same manner and at the same temperature. 

Calculation 


Calculate the iodine value by the formula: 
(B - S) x 12.69 M/W, 


in which 

B - S represents the difference between the volumes of sodium 
thiosulfate required for the blank and for the sample 
respectively, 

N is the normality of the sodium thiosulfate, 

and W is the weight, in g, of the sanple taken. 


1-M0N0GLYCERIDE AND FREE GLYCEROL CONTENTS 
Preparation of Sa noles 

Solid Samples in Flake Form 

Mix without melting and take a portion for analysis. 

S o lid ?a mp .l . . rio t . . in.. FI ake^Form 

Melt at not more than 10' above melting point, mix thoroughly and take 
a portion for analysis. Do not attempt to test sanples which contain so much 
free glycerol that it separates when the sample solidifies. 

Semi-solid and Liquid Samples 

Liquefy by heating at not more than 10' above melting point, mix 
thoroughly, and take a portion for analysis. Do not attenpt to test samples 
which contain so much free glycerol that it separates frcm the sample when 
cooled to room temperature. 

Caution . The sanple must not be subjected to a temperature in excess of 
that required to melt it, as this may reduce the monoglyceride content if any 
soap is present. 
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Weigh to the nearest mg duplicate samples of 1 g into a 100-ml glass- 
stoppered volumetric flask. Dissolve in 50 ml of diloroform. Add 25 ml of 
water and shake vigorously for 30-60 sec. Transfer the aqueous layer to a 
glass-stoppered 100-ml volumetric flask, using a glass siphon. If an emulsion 
forms due to the presence of soap in the sample, add 3 or 4 ml of glacial 
acetic acid to break the emulsion. Extract 3 more times using 25, 25 and 20 ml 
of distilled water. Add chloroform to the flask until the level of the 
chloroform coincides with the 100-ml mark. Using the glass siphon, transfer 
as much as possible of the aqueous layer above the chloroform layer to the 
flask containing the aqueous extracts. The aquecus extracts in the volumetric 
flask are saved for the determination of free glycerol. 

Pipet 50 ml of acetic periodic acid IS into each of a series of 500-ml 
glass-stoppered Erlenmeyer flasks. Prepare 3 for blanks, adding 50 ml of 
chloroform to two and 50 ml of water to the third. The titrations of the water 
and chloroform blanks are used as a check (within 0.5 ml) on the chloroform. 
Pipet 50 ml of chloroform sample solution into one the flasks containing 50 ml 
of acetic periodic acid TS and shake gently to effect thorcuc^i mixing. Allow 
to stand for at least 30 min but not longer them 1.5 h. To each flask add 
20 ml of potassium iodide TS. Mix by gentle shaking, allow to stand at least 
1 min but not more than 5 min before titrating. Do not allow to stand in 
strong sunlight. Add 100 ml of distilled water and titrate with 0.1 {J sodium 
thiosulfate. Use a variable speed magnetic stirrer to keep the solution 
thoroughly mixed. Continue the titration to the disappearance of the brown 
iodine colour from the aqueous layer. Add 2 ml of starch TS and continue the 
titration to the disappearance of iodine from the chloroform layer and the 
disappearance of the blue iodo-starch colour from the aqueous layer. 

Calculation of 1-monoglyceride content as pure monostearate: 


% 1-monoglyceride 



where B = sodium thiosulphate consumed in the titration of blank 
containing 50 ml of chloroform, 

S = sodium thiosulphate consumed in the titration of sample, 

N = exact normality of 0.1 N sodium thiosulfate, 
and W = weight of sample, represented by aliquot pipetted for test. 


The 1-monoglyceride content nay be calculated in terms of a monoester 
other than the monostearate by dividing the molecular weight of the 
monoglyceride by 20 and substituting this value for 17.927 in the formula 
above. 


Procedure for free Glv 


Add distilled water to the combined aqueous extracts from the 
monoglyceride determination until the volume is 100 ml and mix thoroughly. 
Pipet 50 ml of acetic periodic acid TS into each of a series of 500-ml glass- 
stoppered Erlenmeyer flasks. Pipet 50 ml of aqueous sanple solution into one 
of the flasks containing 50 ml of acetic periodic acid TS and shake gently to 
effect thorough mixing. Continue as described under the procedure for 
monoglyoeride, second paragraph commercing "Allow to stand for at least 
30 min. . 
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Calculation of glycerol content: 


% free glycerol 


(B - SI x N x 2.30 

w 


where B = sodium thiosulphate consumed in the titration of blank 
containing 50 ml of water, 

S = sodium thiosulphate consumed in the titration of sanple, 

N = exact normality of 0.1 H thiosulfate, 
and W = weii^it of sanple represented by aliquot pipetted for test. 


OXYETHYLENE GROUP DETERKINATICM 

Caution : Use a safety shield and conduct the distillation in a hood. 

Principle 

Ihe oxyethylene groups are converted to ethylene and ethyl iodide which 
can be determined by titration. By utilizing a conversion factor determined 
on a reference sample, it is possible to ccrpute the polyoxyethylene ester 
content. 


Apparatus 

An arrangement of apparatus for the analysis is shewn in the scale 
diagram (Figure) . It consists in part of the reaction flasks (A) , condenser, 
trap (B) , and first absorption tube (C) of a Clark alkoxyl apparatus. These 
are followed by an absorption tube (D) made from a section of a spiral from 
a Widmar distillation column and a standard-taper (24/40) gas inlet adapter. 
Dimensions of the apparatus not readily determined from the diagram cue as 
follows: carbon dioxide inlet, capillary, l-mn inside diameter; flask A, 28-mm 
diameter, 12/18 standard-taper joint; condenser, 9-nin inside diameter; inlet 
to trap B, 2-mm inside diameter tube; inlet to trap C, 7/15 standard-taper 
joint, 2-mm inside diameter tube; trap C, 14-mm inside diameter; trap D, inner 
tube, 8-mm outside diameter, 2-mn opening at bottom of spiral; spiral, 1.75-ntn 
rod, 23 turns, 8.5 rise per turn; trap D, outer tube, approximately 12.5-mm 
inside diameter, with side-arm 7 cm from top of spiral; side-arm, 3.5-nm 
inside diameter, 2 mm opening at bottom. The stopcock is lubricated with 
silicone grease. The absorption tubes may be conveniently suspended by a 
series of properly spaced sheet-metal clips attached to a stick clamped at an 
angle of about 60*. 

Procedure 


Fill trap B with a suspension of a small amount of red phosphorus in 
enough water to cover the inlet tube. Pipet 10 ml of acid silver nitrate TS 
into tube C, pipet 15 ml of bromine-bromide TS into tube D, and place 10 ml 
of a 10% potassium iodide solution in trap E. Place about 0.05 g of the 
sanple, accurately weighed, in the reaction flask A, together with a Hengar 
boiling granule and 10 ml of hydriodic acid TS. Connect the flask to the 
apparatus, pass a slew stream of carbon dioxide through (about 1 bubble per 
sec), and heat the flask slowly in an oil bath to 140-145*. 
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Maintain the flask at this temperature for at least 40 min, until there 
is no longer any cloudy reflux in the condenser above the reaction flask, 
and until the supernatant liquid in the silver nitrate trap C has clarified 
almost completely. Five min before the completion of the reaction, heat the 
silver nitrate trap C to 50-60“ in a hot water bath to drive out any dissolved 
olefin. 


On completion of the decomposition, disconnect tubes D and C cautiously 
in that order. Then disconnect the carbon dioxide source and remove the oil 
bath from flask A. Connect the spiral absorption tube, D, by its lower adapter 
to a 500-ml iodine-titration flask containing 10 ml of 10% potassium iodide 
solution and 150 ml of water. Remove the potassium iodide tube, E, and rinse 
the side-arm into it. Allow the bromine solution to run into the titration 
flask through the stopcock and rinse the tube and spiral with a few ml of 
water. Add the contents of the potassium iodide tube to the titration flask, 
stopper and allow to stand 5 min. Add 5 ml of dilute sulfuric acid IS and 
titrate at once with 0.05 N sodium thiosulfate, using 2 ml of starch TS as 
indicator. 



Figure. Apparatus for determination of oxyethylene groups 
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Rinse the contents of the silver nitrate trap C into a flask, dilute to 
150 ml with water, heat to boiling, cool to room temperature, and titrate with 
0.05 N ammonium thiocyanate, using 3 ml of ferric ammonium sulfate TS as 
indicator. 

Perform a blank determination emitting the sample. 

Calculation 


The volumes of sodium thiosulfate solution (S ml) of normality N and 
ammonium thiocyanate solution (S' ml) of normality N 1 used to titrate the 
contents of the bremine and silver nitrate traps are subtracted from the 
corresponding blank titrations (B and B' ml respectively) and the following 
calculations made: 


% CftQ . (B - S' x N x 2.2 
wt. of sanple in g 

% C^O . (B 1 - S') x N' x 4.4 

wt. of sanple in g 

The sum of the values obtained from these calculations represents the 
total oxy ethylene content of the sanple. The % of polyoxyethylene ester can 
be estimated from the ratio of the % of oxyethylene in the unknown sanple to 
that in a reference sanple of known purity. 


POLYGLYCEROL DETERMINftTICN IN POLYGLYCEROL ESTERS 

Principle 

Polyglycerol esters are saponified with alcoholic potassium hydroxide 
solution and the fatty acids removed by extraction. The polyols are converted 
to trimethylsilyl (IMS) derivatives and analyzed by gas liquid chromatography. 

Procedure 


Preparation of the polvol sample 

Weigh about 0.5 g of sample and reflux with 20 ml of ethanolic potassium 
hydroxide solution (1 N) for 2 h. Reduce the volume of ethanol by evaporation 
at 45-50* in a stream of nitrogen. Add 10 ml of water and convert the soaps 
to free fatty acids by acidifying with concentrated hydrochloric acid. Extract 
the fatty acids from the aqueous phase with successive 20 ml portions of light 
petroleum (boiling range 40-60"). Wash the combined petroleum extracts with 
water (20 ml) and oenbine the wash with the aqueous phase. 

Adjust the aqueous polyol solution to pH 7.0 with aqueous potassium 
hydroxide solution with the aid of a pH-meter. Evaporate to a small volume 
(2-3 ml) under reduced pressure and extract three times with 30 ml of boiling 
ethanol. Filter off any residue and evaporate the ethanol under reduced 
pressure to yield a viscous liquid sanple of polyols. 
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Dissolve a 0.1 g sairple of polyol in 0.5 ml of warm pyridine (previously 
dried over potassium hydroxide) in a 10-ml capped vial. Add 0.2 ml hexamethyl 
disilazane, shake, add 0.2 ml trimethylchlorosilane and shake again. Plaoe on 
a warm plate (about 80") for 3-5 min. Check that white fumes are present 
indicating an excess of reagent. 


Gas-1 iauid chromatography 


Any suitable gas chromatograph may be used equivalent to a Pye Model 104 
fitted with a flame ionization detector and a colunn (1.5 m x 4 ran i.d.) 
packed with 3% OV-1 on Diatanite OQ (100-120 mesh) or on Gas Qirom Q (100- 
120 mesh) . Recommended conditions are: oven tenperature, programmed from 90" 
to 330" at 4-6"/min; nitrogen carrier oas flew rate . 86 ml/min; injection 
block temperature, 275"; detector block temperature , 350". 


Inject a 2.0 n 1 sairple of IMS derivatives of polyols. The resultant 
chramatogramme displays the following sequence of peaks: 


Elution sequence Identity Description (and 

of peaks typical attenuation 

settings) 


1 

Solvent 

Overloaded 

2 

Glycerol 

Single peak (2 x 10 3 ) 

3 

Cyclic diglycerols 

Single peak (2 x 10 3 ] 

4 

Diglycerols 

Single peak (32 x 10 5 ) 

5 

Cyclic triglyoerols 

Single peak (2 x 10 3 ) 

6 

Triglycerols 

Single peak (16 x 10 3 ) 

7 

Cyclic tetraglyoerols 

Single peak (2 x 10 3 ) 

8 

Tetraglyoerols 

Multiple peak (8 x 10 3 ) 

9 

Pentaglyoerols 

Single peak (4 x 10 3 ) 

10 

Hexaglycerols 

Single peak (2 x 10 3 ) 

11 

Heptaglycerols 

Single peak (2 x 10 3 ) 

12 

Octaglyoerols 

Single peak (1 x 10 3 ) 

13 

Nonaglycerols 

Barely discernible in 
the tail of peak 12 



Calculation 


Measure each peak area by a suitable method and correct for attenuation 
changes. 


% di-, tri- and tetraglyoerols = 

Sum of corrected areas of peaks 3 to 8 x 100 
Sum of corrected areas of peaks 3 to 13 

% polyglycerols equal to or greater than heptaglycerol = 


Sum of corrected areas of peaks 11 to 13 x 100 
Sum of corrected areas of peaks 3 to 13 
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PROPYLENE GLYCOL DIMER MID TRTMER DETERKINATICN 


Principle 

Propylene glyool esters of fatty acids are saponified with alcoholic 
potassium hydroxide and the fatty acids cire removed by extraction. The aqueous 
polyol fraction is analyzed by gas-liquid chromatography for di- and 
tripropylene glycol. 

Reagents 

- Potassium hydroxide, ethanolic solution (56.1 q/1 ethanol) 

- Sodium hydroxide solution (50% w/v in water) 

- Hydrochloric acid (1 + 1 by volume) 

- Hexane 

- Propylene glycol (1,2-propanediol) superior, (Matheson Scientific 
Canpany, Catalog No. C20670 or equivalent) 

Dipropylene glycol (l,l-oxydi-2-propanol) purified (Matheson 
Scientific Company, Catalog No. C18635 or equivalent) 

- Tripropylene glycol 95 + %, (Fisher Scientific Company, special order, 
or equivalent) 

- Triethylene glycol, specially purified (Fisher Scientific Company, 
special order or equivalent) . 

Procedure 


Preparation of polvols 

Weigh about 50 g of sanple, to the nearest 0.01 g, together with about 
2 g to nearest 0.001 g, of triethylene glycol (as internal standard) into a 
1-L saponification flask. Add 350 ml of ethanolic potassium hydroxide solution 
and reflux under an air condenser for 2 h with stirring. Transfer the contents 
of the flask quantitatively to an 800-ml beaker. Wash the flask and condenser 
with 200 ml of hot distilled water and evaporate the combined sanple solution 
and washings to about 200 ml on a steam bath. Acidify the hot residue to pH 2 
by the dropwise addition, with agitation, of hydrochloric acid (1 + 1) . 
Transfer the hot mixture quantitatively to a 2-L separator with 200 ml of 
hexane and shake. Allow the layers to separate. Transfer the lower aqueous 
layer to a 500-ml separator and add 200 ml of fresh hexane. Shake, then allow 
the layers to separate. Draw off the lower aqueous layer into a 600-ml beaker 
and add the hexane phase to the original 2-L separator. Wash the 500-ml 
separator with two further 200-ml portions of hexane and add these to the 2-L 
separator. Wash the original 800-ml beaker with 100 ml of water and add to 
the hexane solution. Mix thoroughly and allow the layers to separate. Draw off 
the aqueous layer into the 600-ml beaker containing the aqueous fractions. 
Wash the 800-ml beaker once more with 100 ml of water and add the drained 
aqueous layer to the combined aqueous fractions. Adjust the pH of the combined 
aqueous solution to pH 7.0-7.05 (using pH-meter) with sodium hydroxide 
solution and evaporate to about 150 ml on a steam bath. Transfer 
quantitatively to a 250 ml round bottom flask and concentrate further to about 
50 ml by distilling through a vertical Vigreux column to prevent the loss of 
lew boiling glycols. Decant the concentrated polyols from the precipitated 
salts, through a filter funnel containing Whatman No. 1 paper, into a 100- 
ml volumetric flask. Wash the salts and flask twice with 20 ml of water and 
add to the volumetric flask via the filter funnel. Dilute to the mark with 
water, mix well and use for the G1C polyol analysis. If salts reprecipitate 
in the volumetric flask refilter before sampling. 
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Gas-liauid chromatography 

Any suitable gas chromatograph may be used equivalent in sensitivity to 
an F&M Model 810 or 5750 with dual flame ionization detectors and dual column 
(0.9 m x 5 irtn i.d.) packed with 15% Carbowax 20 M on 80-100 Chrcmosorb W 
(acid-, base- and chloroform-washed) . Recommended conditions of operation are: 
oven temperature, programmed from 150" to 230” at 2”/min; helium carrier gas 
flew rate, 30 ml/min; injection block temperature, 290°; detector block 
temperature, 250". 

Prepare a reference solution of glycols in water by weighing the glycol 
components, to the nearest 0.1 mg, into a 100 ml volumetric flask as follows: 


Propylene glycol 1 g 

Dipropylene glycol 0.01 g 

Tripropylene glycol 0.005 g 

Triethylene glycol 0.01 g 

Make up to the mark with water and mix. 


Inject 8.0 ^1 of this reference standard solution and establish the 
sensitivity setting to yield measurable peaks. Similarly inject 8.0 ill of the 
prepared sample solution. 

Calculation 


Measure each peak area by a suitable method, such as multiplying the 
peak height by the peak width at half the peak height, and calculate the % 
dimer and trimer in the sample as follcws: 




<As ^ 

(W.s * Ar> 

(i) 

% dimer 

X 

x 100 



A* 

CA ]S X W IR ) w 



(As x W TS ) 

("is * Ar> 

(ii) 

% trimer 

— " ' " X 

X IQS 



^TR 

(As * w«> w 

where A^ = 

= peak area of dipropylene glycol 


A* 

As 

Air 

As 

^IR 

w 

Wtr 


= peak area of dipropylene glycol (reference solution) 

= peak area of tripropylene glycol (sample solution) 

= peak area of tri propylene glycol (reference solution) 

= peak area of triethylene glycol (sample solution) 

= peak area of triethylene glycol (reference solution) 

= weight (g) of sample of propylene glycol esters of fatty 
acids 

= ’weight (g) of dipropylene glycol in the reference 
solution 

= ’weight (g) of tripropylene glycol in the reference 
solution 

= ’weight (g) of triethylene glycol added to the sample 
solution 

= 'weight (g) of triethylene glycol in the reference 
solution 




Corrected for the actual content of polyol (e.g. = weight of 

dipropylene glycol taken x % of assay) . 
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Then % of dimer and trimer of propylene glycol is the sum of (i) and 
(ii) above. 


SAPONIFICATION 

Weigh accurately about 20 g of the sample and subject to alkaline 
hydrolysis by refluxing for 2 h with ethanolic potassium hydroxide TS 
containing a quantity of potassium hydroxide 100% in excess of the calculated 
amount required to saponify the sample completely. After hydrolysis, convert 
the ethanolic soap solution to an aqueous solution by the addition of water 
and evaporation of the alcohol on a steam bath. Acidify the hot aqueous soap 
solution with sulfuric acid to liberate the fatty acid. Extract the acid 
solution with 3 portions of petroleum ether to remove the fatty acid. 
Evaporate the petroleum ether extracts on a steam bath and dry the residue to 
constant weight under vacuum at 75' to recover the fatty acid. Multiply the 
weight of recovered fatty acid by 100/W to obtain the yield of fatty acid from 
a 100-g sample (where W is the exact weir^it of sample taken) . The fatty acid 
can be identified by determination of the physical and chemical constants, 
e.g. the solidification temperature, or by gas-liquid chromatography. 

Neutralize the aqueous polyol solution to pH 7 with potassium hydroxide. 
Evaporate the polyol solution to a moist residue on a steam bath and extract 
the polyol from the salts with 3 portions of hot absolute ethanol. Evaporate 
off the alcohol on a steam bath and dry the residue to constant weight under 
vacuum at 75' to yield the polyol moiety of the sanple. Multiply the weight 
of recovered polyol by 100/W to obtain the yield of polyols from a 100-g 
sample (where W is the exact weight of sample taken) . 


SAPONIFICATION VALUE 


Definition 

Saponification value is defined as the number of mg of potassium 
hydroxide required to neutralize the free acids and saponify the esters in 1 g 
of test substance. 

Proc e dure 

Melt the sanple, if necessary, and filter it through a dry filter paper 
to remove any traces of moisture. Unless otherwise directed, weigh accurately 
into a 250-ml flask a sanple of such size (usually about 4-5 g) that the 
titration of the sample solution after saponification will require between 
45 and 55% of the volume of 0.5 N hydrochloric acid required for the blank. 
Add 50.0 ml of ethanolic potassium hydroxide TS from a pipet and allow the 
pipet to drain for a definite period of time. Prepare and conduct blank 
determinations simultaneously with the sanple and similar in all respects. 
Connect an air condenser to each flask and boil gently but steadily, with 
occasional mixing, until the sanple is completely saponified. (This usually 
requires about 1 h for normal samples) . After the flasks and condensers have 
cooled somewhat but not sufficiently for the contents to gel, wash down the 
inside of the condensers with a few ml of distilled water. Disconnect the 
condensers, add about 1 ml of phenolphthalein TS to reach flask, and titrate 
with 0.5 N hydrochloric acid until the pink colour has just disappeared. 
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Saponification value 


56.1 x N (A - B) 


where A = ml of HC1 required for the titration of the blank, 
B = ml of HC1 required for the titration of the sarrple, 
W = weight of sample in g, 
and N = normality of the HC1. 


SORBITRN ESTER CONTENT 

Principle 

Sorbitan esters may be assayed by alkaline saponification followed by 
recovery of the polyol and determination of the isosorbide content by gas- 
liquid chromatography. 


Procedure 


Saponification and recovery of the polvol 


Weigh accurately about 25 g of the sanple into a 500-ml round-bottcmed 
boiling flask. Add 250 ml of ethanol and a quantity of potassium hydroxide 
100% in excess of the calculated amount required for saponification 
(approximately 7.5 g) . Boil the mixture for 2 h under reflux. Transfer the 
saponification mixture to an 800-ml beaker. Rinse the flask with about 100 ml 
of water and add to the mixture. Place the beaker on a steam bath to evaporate 
the alcohol. Add water occasionally to replace the ethanol. When the odour of 
ethanol can no longer be detected, adjust the volume of the soap solution to 
approximately 250 ml with hot water. 


Acidify the hot soap solution with stirring using sufficient 1:1 
sulfuric acid to provide a 10% excess. Heat and stir the mixture until the 
fatty acid layer separates . Transfer the hot mixture to a 500-ml separating 
funnel using hot water to rinse the beaker. Cool the contents of the funnel 
and extract three times with 100-ml portions of petroleum ether. Combine the 
petroleum ether extracts in a second funnel and wash once with 100 ml of 
water. Combine the water wash with the aqueous phase in an 800-ml beaker. 

Neutralize the polyol solution with 10% aqueous potassium hydroxide 
solution to pH 7 using a pH meter. Place the beaker in a steam bath and 
evaporate the solvent to incipient dryness. Extract the residue four times 
with 150-ml portions of boiling absolute ethanol. Filter the combined extracts 
into a 1-L suction flask through a 10-ctn Buchner funnel containing a 1-3-an 
bed of silicagel. Wash the funnel with absolute ethanol. Transfer the filtrate 
and washings to a 1,000-ml volumetric flask. Cool to room temperature and 
dilute to volume with ethanol. Use this as the sample solution for gas-liquid 
chromatography . 


Gas-1 iauid chromatography 


The experimental operating variables employed for the isosorbide 
analyses are not critical, hence the conditions listed be lew are typical of 
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those enployed when analyzing such samples. Minor fluctuations in temperature 
and argon flew rate do not affect resolution or analytical results. 


Column length 
Column packing 
Column support 
Carrier gas 
Detector type 

Temperature of injection port 
Column temperature 
Sanple size 


1-3 m 

Carbowax 20 M 15% 

Chrotnosorb W 80/100 mesh 

Argon 

FID 

295° 

195° 

5 fll 


Calculation 

The isosorbide content of a 5 Ml aliquot of the recovered polyol 
solution is estimated directly from a calibration curve prepared from a 
standard sorbitan ester or by multiplying the observed peak area by the slope 
of the curve (Mg of isosorbide per unit area) . 


% Sorbitan ester . I x 20 
f x W 

where I = No. of Mg of isosorbide found in a 5 Ml aliquot of recovered 
polyol solution by gas chromatography, 

W = No. of g of sorbitan ester taken for analysis, 
and f = fractional isosorbide yield from standard sorbitan esters (see 
Note 1) . 


Note 1 . A knewn sample of sorbitan ester is treated as described under 
Saponification and recovery of the polyol above. 5 Mg aliquots of the solution 
are subjected to the gas chromatographic procedure. Hie fractional yield of 
isosorbide is calculated from the weight of sanple corrected to a dry, fatty- 
acid-free basis. 

Note 2 . The procedure is estimated to have an accuracy of 5%. 
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VII. METHODS FOR FIAVOURIN3 SUBSTANCES 
ACETAL DETERMINATION 


Reagent 

Hvdroxv 1. amine hydrochloride solution 

Prepare as directed under Aldehyde Determination. 

Procedure 


Weigh accurately the quantity of the sample specified in the monograph, 
and transfer it into a 125-ml Erlenmeyer flask. Add 30 ml of Hvdroxvlamine 
hydrochloride solution , and reflux on a steam bath for exactly 60 min. Allow 
the condenser to drain into the flask for 5 min after removing the flask from 
the steam bath. Detach and rapidly cool the flask to room temperature. Add 
bramophenol blue TS as indicator, and titrate with 0.5 N ethanolic potassium 
hydroxide to pH 3.4, or to the same light colour as produced in the original 
hydroxylamine hydrochloride solution on adding the indicator. Calculate the 
ml of 0.5 N ethanolic potassium hydroxide consumed per g of sample (a) . 

Using a separate portion of the sample, proceed as directed under 
Aldehyde Determination. Calculate the ml of 0.5 N ethanolic potassium 
hydroxide consumed per g of sanple (b) . 

Calculate the percentage of Acetals (AC) by the formula: 

AC = (a - b)e 

in which e = the equivalence factor given in the monograph. 


ACID VALUE 

Dissolve about 10 g of sample, accurately weighed, in 50 ml of ethanol, 
previously neutralized to phenolphthalein TS with 0.1 N sodium hydroxide. Add 
1 ml of phenolphthalein TS and titrate with 0.1 N sodium hydroxide until the 
solution remains faintly pink after shaking for 10 sec, unless otherwise 
directed. Calculate the Acid Value (AV) by the formula: 

AV , 5.61 x S 
w 


in which 

S = the number of ml of 0.1 N sodium hydroxide consumed in the 
titration of the sample, and 
W = the weight of the sanple in g. 
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ALDEHYDE DPTERMINATICN 


Reagent 

Hvdroxvlamine hydrochloride solution 

Dissolve 50 g of hydroxy 1 amine hydrochloride, preferably recrystallized 
before using, in 90 ml of water and dilute to 1,000 ml with aldehyde-free 
ethanol. Adjust the solution to a pH of 3.4 with 0.5 N ethanolic potassium 
hydroxide. 

Procedure 


Transfer an accurately weighed quantity of sample specified in the 
monograph into a 125-ml Erlenmeyer flask. Add 30 ml of Hvdroxvlamine 
hydrochloride solution , mix thoroughly, and allcw to stand at room temperature 
for 10 min, unless otherwise specified. Perform a blank determination 
simultaneously with the sample determination. Titrate the liberated 
hydrochloric acid with 0.5 N ethanolic potassium hydroxide to a greenish 
yellow endpoint, using bromophenol blue TS, as the indicator, or preferably 
titrate to a pH of 3.4 using a suitable pH meter. Calculate the percentage of 
Aldehyde (A) by the formula: 


A . (S - bt tlOOe) 
W 


in which 
S = 

b = 

e = 
and W = 



the number of ml of 0.5 N ethanolic potassium hydroxide consumed 
in the titration of the sample, 

the number of ml of 0.5 N ethanolic potassium hydroxide consumed 

in the titration of the blank, 

the equivalence factor given in the monograph, 

the weight of the sample in mg. 


ALDEHYDE AND KETONE DETERMINATION 


Reag ent 

Hvdroxvlamine solution 

Dissolve 20 g of hydroxylamine hydrochloride (reagent grade or 
preferably freshly recrystallized) in 40 ml of water and dilute to 400 ml with 
ethanol. Add, with stirring, 300 ml of 0.5 N ethanolic potassium hydroxide, 
and filter. Use this solution within two days. 

Procedure 


Transfer an accurately weighed quantity of the sanple specified in the 
individual monograph into a 250-ml glass-stoppered flask, add 75.0 ml of the 
Hvdroxvlamine solution , and stopper the flask. If the component to be 
determined is an aldehyde , allow the mixture to stand at room temperature for 
1 h, unless otherwise directed in the monograph. If the component to be 
determined is a ketone . attach the flask to a suitable condenser, and reflux 
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the mixture for 1 h, unless otherwise directed in the monograph, and then cool 
to room temperature. Titrate the solution with 0.5 N hydrochloric acid to a 
greenish yellow end-point using bromophenol blue TS, as indicator, or 
preferably to a pH of 3.4 using a suitable pH-meter. Perform a blank 
determination simultaneously with the sample determination. Calculate the 
percent of Aldehyde or Ketone by the formula: 


in which 

AK = 
b = 

S = 

e = 
and W = 


AK . (b - S) flOOe) 

W 

percentage of aldehyde or ketone, 

the number of ml of 0.5 B hydrochloric acid consumed in the 
titration of the blank, 

the number of ml of 0.5 N hydrochloric acid consumed in the 
titration of the sanple, 

the equivalence factor given in the monograph, 
the weight of the sample in mg. 


CHhORTNATED COMPOUNDS IJMIT TEST 

Wind a 1.5 x 1.5 cm strip of 20-mesh copper gauze around the edge of a 
copper wire. Heat the gauze in a non-luminous flame of a Bunsen burner until 
it glows without colouring the flame green. Permit the gauze to cool and re- 
ignite it several times until a good coat of oxide has formed. With a medicine 
dropper, apply 2 drops of the sample to the cooled gauze, ignite and permit 
it to bum freely in the air. Again cool the gauze, add 2 more drops and bum 
as before. Continue this process until a total of 6 drops has been added and 
ignited. Then hold the gauze in the outer edge of a Bunsen flame, adjusted to 
a height of 4 cm. Not even a transient green colour is imparted to the flame. 


ESTER DETERMINATION 

Transfer an accurately weighed quantity of the sanple specified in the 
monograph into a 125-ml Erlenmeyer flask containing a few boiling stones. Add 
to this flask, and, simultaneously, to a similar flask for a blank test, 
25.0 ml of 0.5 N ethanolic potassium hydroxide. Connect each flask to a reflux 
condenser, and heat the mixtures on a steam bath for exactly 1 h, unless 
otherwise directed in the monograph. Allcw the mixtures to cool, add 10 drops 
of phenolphthalein TS, to each flask, and titrate the excess alkali in each 
flask with 0.5 N hydrochloric acid. Calculate the percentage of Ester (E) in 
the sample by the formula: 


E . (b - S) aooe) 

W 

in which 

b = the number of ml of 0.5 N hydrochloric acid consumed in the 
titration of the blank, 

S = the number of ml of 0.5 N hydrochloric acid consumed in the 
titration of the sanple, 

e = the equivalence factor given in the monograph, 
and W = the weight of the sanple in ng. 
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SOLUBILITY IN ETHMJOL 


Unless otherwise stated transfer a 1 ml sanple into a calibrated 10-ml 
glass-stoppered cylinder graduated in 0.1-ml subdivisions, and add slowly, 
in small portions, ethanol, the concentration and quantity of which acre 
specified in the monograph. Maintain the tenperature at 20* . A clear solution 
free from foreign matter should be obtained. 


TOTAL ALCOHOLS DETERMINATION 


Transfer 10 g of a solid sanple, or 10 ml of a liquid sanple, accurately 
weighed, into a 100-ml flask having a standard taper neck. Add 10 ml of acetic 
anhydride and 1 g of anhydrous sodium acetate, mix these materials, attach a 
reflux condenser to the flask, and reflux the mixture for 1 h. Cool and add 
50 ml of water at a tenperature between 50" and 60‘ through the condenser. 
Shake intermittently during a period of 15 min, cool to room temperature, 
transfer the mixture completely to a separator, allcw the layers to separate, 
and then remove and reject the lower, aqueous layer. Wash the oil layer 
successively with 50 ml of a saturated sodium chloride solution. If the oil 
is still acid to moistened litmus paper, wash it with additional portions of 
sodium chloride solution until it is free from acid. Drain off the oil, dry 
it with anhydrous sodium sulfate, then filter it. 


Weigh the quantity of acetylated oil specified in the monograph into a 
tared 125-ml Erlenmeyer flask, add 10 ml of neutral ethanol, 10 drops of 
phenolphthalein TS, and 0.1 N ethanolic potassium hydroxide, drcpwise, until 
a pink endpoint is obtained. If more than 0.20 ml is needed, reject the 
sanple, and wash and test the remaining acetylated oil until its acid content 
is belcw this level. Prepare a blank using the same volume of ethanol and 
indicator, and add 1 drop of 0.1 N ethanolic potassium hydroxide to produce 
a pink endpoint. Measure 25.0 ml of 0.5 N ethanolic potassium hydroxide into 
each of the flasks, reflux them simultaneously for 1 h, cool, and titrate the 
contents of each flask with 0.5 N hydrochloric acid to the disappearance of 
the pink colour. Calculate the percentage of Total Alcohols (TA) by the 
formula: 


TA . (b - SHlOOe) 

W - 21 (b - S) 


in which 
b = 

s = 

e = 
and W = 


the number of ml 0.5 N hydrochloric acid consumed in the titration 
of the blank. 


the number of ml of 0.5 N hydrochloric acid 
titration of the sample, 

the equivalence factor given in the monograph, 
the weight of the sanple of the acetylated oil 


consumed in the 


in mg. 
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VIII. METH3D6 FOR MOS MATES 
CYCLIC PHOSPHATE DETERMINATION 


Principle 


Paper chrcmatography is first carried out in one direction using a basic 
solvent. Hie paper is then turned through 90' and chromatographed using an 
acidic solvent. Spots sire revealed by spraying with perchloric acid/nclybdate 
reagent, and are identified and qualitatively assembled by reference to 
chromatograms of standard phosphates. Quantitative estimation is effected by 
cutting out the 'spots', washing the paper with ammonia, subsequent 
determination of the phosphorus content by colorimetry of the Molybdenum blue 
complex and calculation of cyclic phosphate content as % NaPOj. 

Reagents 

Solvent A f basic) 

Mix together: 400 ml isopranol 

200 ml isobutanol 
300 ml deionised water 
10 ml 0.880 sp.gr. ammonia solution 

Solvent B (basic) 

Mix together: 750 ml isopropanol 

250 ml deionised water 


Add: 

and 

Spray reagent 
Add: 

to 

make to 


50 g trichloro acetic acid 

2.5 ml 0.880 sp.gr. aimonia solution 


5 ml 60% perchloric acid 
1 ml cone. HC1 (1.18 sp.gr.) 
1 g auironium molybdate 
50 ml deionised water 
100 ml with deionised water 


Standard Mosphate solutions 

Prepare standard solutions of sodium tri, tetra, hexa, and octane ta 
phosphates containing 2 pg/pl (0.2% w/v) . 

Apparatus 

Chromatography tank 

Suitable for ascending paper chrcmatography. 
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Chromatography paper 


Schleicher and Schuell 2043 b. 


U.V. lamp 

Wavelength of U.V. - 250 nm. 
? Shandon Microcaps 

1 pi capacity. 

Procedure 


Draw faint pencil lines 2.5 am from the bottom edge and 2.5 can from the 
right-hand side of a 23 can square piece of the chromatography paper. With a 
Shandon Microcap, apply 1 (il of a 10% w/v solution of the sample at the 
intersection of the two pencil lines. Allow the paper to dry, curve it into 
a cylinder, and secure with plastic clips. Stand the cylinder in the tank 
containing the basic solvent (Solution A) , the immersion depth being about 
6 mm and allow the solvent front to rise to a height of 20 can. Remove the 
paper from the tank and mark the position of the solvent front. Dry the paper 
in an air oven at 50* and cut off the excess above the solvent front. Develop 
the paper in acid solvent (Solution B) , with the previews right-hand edge to 
the bottom of the cylinder, until the solvent front has travelled 20 can. 
Remove and dry the paper and spray with the acid ammonium molybdate solution. 
Develop the spots produced by placing the paper under the U.V. lairp for a few 
min. 


Mark out a separate piece of chromatography paper as described above. 
At the intersection of the pencil lines apply 1 pi of each of the meta 
phosphate standard solutions in turn, drying the paper after each application. 
Treat this standard paper in a similar manner to that described for the 
sanple. Both tests must be run concurrently using the same solvents, tanks and 
spray. 


Compare the sample and standard chromatograms, and identify the 'spots' 
with the aid of the Rf values given in the Table. 


Rf values for ortho-, pyro- and cyclic phosphates 


Phosphate 

Rf basic 

Rf acid 

Tri-meta 

0.49 

0.13 

Tetra-meta 

0.36 

0.05 

Hexa-meta 

0.27 

0.02 

Octa-meta 

0.21 

0.01 

Ortho 

0.32 

0.71 

Pyro 

0.26 

0.40 


Values should be taken as a guide only. 


Available with Shleicher and Schuell, Inc. 543 Washington Street, Keene 
N.H. 03431, USA. 

Shandon Southern Instruments Inc. , 515 Broad Street, Szwickley, PA 
15143, USA. 
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If a spot of particular interest is too weak, the chromatogram should 
be repeated using 2 or 5 jul sample solution instead of 1 pi. About 2 pi of 
each of the various phosphates should be visible. 

An approximation of the quantities of each canponent in the sample will 
be gained by a visual comparison of the two chromatograms. For a more accurate 
measurement, cut out each spot and analyze for total phosphorus by the 
following method. 

Soak each cut out area of chromatography paper in 25.00 ml of 0.1 $ 
ammonium hydroxide solution for at least 1 h. Pipet a 20.00 ml aliquot of the 
resulting solution into a 50 ml volumetric flask, add 5 ml of 10 M sulfuric 
acid and heat in a boiling water bath for 30 min to hydrolyse the cyclic 
phosphates to orthophosphate. Cool to room temperature , add 1 ml of 12.5% 
ammonium molybdate solution, shake the flask and then add 1 ml of 0.6% 
hydrazine hydrochloride. Make up to volume with water and place the flask in 
a boiling water bath for exactly 10 min. Cool rapidly in a cold water bath and 
measure the absorbance of the solution in a spectrophotometer at 830 nm using 
distilled water as the reference solution. Perform a blank determination using 
an equal area of chromatography papier kncwn not to include any phosphate spots 
and subtract the blank value from the test values. Determine the amount of 
phosphorus present by reference to a calibration curve of absorbance at 830 nm 
obtaind using samples of standard amounts of potassium dihydrogen 
orthophosphate . 

Where a spot is ill-defined compare with the standard chromatogram and 
cut out the zone where the spot should appear. Cut out the area occupied by 
all the metaphosphates to obtain total cyclic content. 

calculation 


If x = pi of a 10% solution of sample put on papier 
y = pig P obtained by attached method 

%P in sample = y 
x 

% cyclic phosphates expressed as NaPC^ _ 102 y 

31 ' x 


PHOSPHATE DETERMINATION AS Pj0 5 

Method I 


Mix about 300 mg of the sample, accurately weighed, with 15 ml of nitric 
acid and 30 ml of water, boil for 30 min and dilute with water to about 
100 ml. Heat at 60", add an excess of ammonium molybdate IS, and heat at 50” 
for 30 min. Filter, and wash the precipitate with dilute nitric acid (1 in 
36) , followed by potassium nitrate solution (1 in 100) until the filtrate is 
no longer acid to litmus. Dissolve the precipitate in 500 ml of 1 N sodium 
hydroxide, add phenolphthalein TS, and titrate the excess sodium hydroxide 
with 1 if sulfuric acid. Each ml of 1 N sodium hydroxide is equivalent to 
3.086 mg of PjOj. 
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Method II 


Transfer about 1.5 g of the sample, accurately weighed, into a 500-itil 
volumetric flask, add 100 ml of water and 25 ml of nitric acid, and boil for 
10 min cxi a hot plate. Cool, dilute to volume with water and mix. Pipet 
20.0 ml of this solution into a 500 ml Erlenmeyer flask, add 100 ml of water 
and heat just to boiling. Add with stirring 50 ml of quimociac TS, then cover 
with a watch glass and boil for 1 min in a well ventilated hood. Cool to roan 
tenperature, swirling occasionally while cooling, then filter through a taxed 
crucible (or fritted glass crucible of medium porosity) , and wash with five 
25-ml portions of water. Dry at about 225” for 30 min, cool and weigh. Each 
mg of precipitate thus obtained is equivalent to 32.074 jig of PjOj. 


WATER- INSOLUBLE MATTER 

Treat 10 g of sanple, accurately weighed, with 100 ml of hot water and 
filter through a tared filtering crucible. Wash the insoluble residue with 
hot water, dry at 105” for 2 h, cool and weigh. 
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IX. MICROBIOLOGICAL METHODS 
TOTAL (AEROBIC) PLATE COUNT 


Equip ment and material s 

a. Work area, level table with ample surface in clean, well-limited (100 
focrt-candles at working surface) and well-ventilated rocm that is 
reasonably free of dust and drafts. The microbial density, measured in 
fallout pour plates taken during plating, of air in working area should 
not exceed 15 colonies/plate during 15 min exposure. 

b. Petri dishes, glass (15 x 100 mm) or plastic (15 x 90 nm) . 

c. Pipets, l, 5, and 10 ml, graduated in 0.1 ml units. 

d. Dilution bottles, 6 oz (160 ml), borosil icate- resistant glass, with 
rubber stoppers or plastic screw caps. 

e. Water bath, for tempering agar, thermostatically controlled to 45 ± 1*. 

f . Incubator, 35 ± 1* . 

g. Colony counter, dark-field, Quebec, or equivalent, with suitable light 
source and grid plate. 

h. Tally register. 

i. Thermometers (mercury) appropriate range; accuracy checked. 

Media and reagents 

a. Butterfield's phosphate-buffered dilution water. 

b. Plata count agar. 

Procedure 


Using separate sterile pipets, prepare decimal dilutions of 10 1 , 10 3 , 
10 4 , and others as appropriate, of sample homogenate by transferring 10 ml of 
previous dilution to 90 ml of diluent. Avoid sanpling foam. Shake all 
dilutions 25 times in 30 cm (1 ft) arc within 7 sec. Pipet 1 ml of each 
dilution into separate, duplicate, appropriately marked petri dishes. Reshake 
dilution bottle 25 times in 30 cm arc within 7 sec if dilution stands more 
than 3 min before pipeting test portion into petri dish. Add 12-15 ml plate 
count agar (oooled to 44-46") to each plate within 15 min of original 
dilution. Add agar immediately to petri dishes when sample diluent contains 
hygroscopic materials. Pour agar and dilution water control plates for each 
series of samples. Immediately mix sample dilutions and agar medium thoroughly 
and uniformly by alternate rotation and back-and-forth motion of plates on 
flat level surface. Let agar solidify, invert petri dishes, and incubate 
promptly for 48 i 2 h at 35". 
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After incubation, count duplicate plates in suitable range (25-250 
colonies) , using colony counter and tally register; record results per 
dilution plate counted. Duplicate plates of at least 1 of 3 dilutions should 
be in 25-250 colony range. When only 1 dilution is in appropriate range, 
compute average count per g for dilution and report as total plate count per 
g (Table 1, Sample No. 1) . When 2 dilutions are in appropriate range, 
determine average count per dilution before averaging 2 dilution counts to 
obtain total plate oount per g (Table 1, Sample No. 2) . If none or only 1 of 
duplicate plates of required dilution yields 25-250 colonies, proceed as in 
Guidelines , belcw. Round off counts to 2 significant figures only at time of 
conversion to total plate counts. When rounding off numbers, raise second 
digit to next higher number only when third digit from left is 5 or greater, 
and replace dropped digit with zero. If third digit is 4 or less, replace 
third digit with zero and leave second digit the same. 


Guid elines for calculating and reporting total plate counts in unocranon cases 


Report all total plate counts computed from duplicate plates containing 
less than 25 or more than 250 colonies as estimated counts. Use the following 
as a guide: 


a. Plates with fewer than 25 colonies . When duplicate plates of lowest 
dilution have fewer than 25 colonies, count actual number on each duplicate 
of that dilution, average the number of colonies per plate, and multiply by 
dilution factor to obtain estimated total plate count. Mark total plate count 
with asterisk to denote that it was estimated frcm counts outside 25-250 per 


plate range (Table 1, Sample No. 3) . 


b. Plates with more than 250 colonies . When number of colonies per plate 
exceeds 250, count colonies in those portions of plate that are representative 
of colony distribution. Mark calculated total plate count with asterisk to 
denote that it was estimated frcm counts outside 25-250 per plate range 
(Table 1, Sample No. 4) . 


c. Spreaders . Spreading colonies are usually of 3 distinct types: 1) a 
chain of colonies, not too distinctly separated, that appears to be caused by 
disintegration of a bacterial clump; 2) one that develops in film of water 
between agar and bottom of dish; and 3) one that forms in film of water at 
edge or on surface of agar. If plates prepared from sample have excessive 
spreader growth such that (a) area covered by spreaders, including total area 
of repressed growth, exceeds 50% of plate area, or (b) area of repressed 
growth exceeds 25% of plate area, report plates as spreader. Determine average 
count for each dilution; report arithmetic average of these values as total 
plate count. f See Table 1, Sample No. 5) . When it is necessary to count plates 
containing spreaders not eliminated by (a) or (b) above, oount each of the 
3 distinct spreader types as one source. For the first type, if only one chain 
exists, count it as a single colony. If one or more chains appear to originate 
from separate sources, oount each source as one colony. Do not count each 
individual growth in such chains as a separate colony. Types 2 and 3 usually 
result in distinct colonies and are counted as such. Combine the spreader 
count and the colony count to compute the total plate count. 


d. Duplicate plates, one with 25-250 colonies, the other with more them 
250 colonies . When one plate contains 25-250 colonies and the duplicate 
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contains more than 250 colonies, count bath plates and include the plate with 
more than 250 colonies in computing total plate count (Table 1, Sample No. 6) . 

e. Duplicate plates, one plate of each dilution with 25-250 oolonies . When 
one plate of each dilution contains 25-250 oolonies and the duplicate contains 
more than 250 colonies or fewer than 25 colonies, count all 4 plates and 
include plates with more than 250 or fewer than 25 colonies in computing the 
total plate count (Table 1, Sample No. 7) . 

f. Duplicate plates, both plates of one dilution with 25-250 colonies and 
only one duplicate of the other dilution with 25-250 colonies . When both 
plates of one dilution contain 25-250 colonies and only one duplicate of the 
other dilution contains 25-250 colonies, count all 4 plates and include the 
plate with fewer than 25 or the plate with more than 250 oolonies in computing 
aerobic plate count (Table 1, Sample No. 8) . 

Table 1. Examples of computation of total plate count (2 plates/dilution 
poured) 


Sample 

No. 1:100 

Colonies counted 
1:1,000 1:10,000 

Aerobic plate oount/g® 

1 



16 

190,000 


TOTC 

208 

17 


2 

TOTC 

224 

25 

250,000 


TNTC 

245 

30 


3 

18 

2 

0 

1,600* 


M 

0 

0 


4 

TOTC 

WIC 

523 

5,100,000* 


TOTC 

TOTC 

487 


5 

TOTC 

245 

35 

290, 000 


TNTC 

230 

Spreader 


6 

TOTC 

245 

23 

260,000 


TOTC 

278 

20 


7 

TOTC 

225 

21 

270,000 


TOTC 

255 

40 


8 

TOTC 

210 

IS 

230,000 


TOTC 

240 

23 



•mrc 

260 

30 

270,000 


TOTC 

230 

23 



Asterisk denotes estimated count. 

TPo numerous to count; oolony count is significantly beyond count range 
of 250 colonies. 

Underlined figures are used to calculate aerobic plate count. 
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ODLIPORMS AND E-OOLI 


Equitxnent and materials 

a. Covered water bath, with circulating system to maintain temperature of 
45.5 ± 0.2". Water level should be above that of medium in imnersed 
tubes 

b. Immersion-type thermometer, 1-55', about 55 cm long, with 0.1" 
subdivisions, National Bureau of Standards certified, or equivalent 

c. Incubator, 35 ± 1* 

d. Balance with capacity of > 2 kg and sensitivity of 0.1 g 

e. Blender 

f. Blender jar 

g. Sterile graduated pipets, 1.0 and 10.0 ml 

h. Sterile utensils for sanple handling 

i. Dilution bottles made of borosilicate glass, with stopper or 
polyethylene screw caps equipped with Teflon liners. 

Media and reagents 


a. 

b. 

c. 

d. 

e. 

f. 

g. 

h. 

i. 
j- 

k. 

l . 
m. 


Brillant green lactose bile (BGLB) broth, 2% 
Lauryl tryptose (LST) broth 
EC broth 


Levine’s eos in-methylene blue (L-EMB) agar 
Tryptone (tryptophane) broth 


MR-VP broth 
Koser’s citrate broth 

Plate count agar (PCA) (standard methods) 

Butterfield's phosphate-buffered dilution water 

Kovacs' reagent 

Voges-Proskauer (VP) reagents 

Gram stain reagents 

Methyl red indicator. 


Presunptive test for coliform bacteria 


Aseptically weigh 10 g sample into sterile, screw-cap jar. Add 90 ml 
diluent and shake vigorously (50 times through 30 cm arc) to obtain 10' 1 
dilution. Let stand 3-5 min and shake to resuspend (5 times through 30 cm arc) 
just before making serial dilutions and inoculations. 

Prepare all decimal dilutions with 90 ml sterile dilution water plus 
10 ml from previous dilution unless otherwise specified. Ihe dilutions to be 
prepared depend on the anticipated coliform density. Shake all suspensions 25 
times in 30 cm arc for 7 sec. Do not use pipets to deliver <10% of their total 
volume. Transfer 1 ml portions to 3 1ST tubes for each dilution for 
3 consecutive dilutions. Hold pipet at angle so that its lcwer edge rests 
against tube. Let pipet drain 2-3 sec. Not more than 15 min should elapse fran 
time sanple is blended until all dilutions are in appropriate media. 


Incubate tubes 48 ± 2 h at 35". Examine tubes at 24 ± 2 h for gas, 
i.e. , displacement of medium in fermentation vial or effervescence when tubes 
are gently agitated. Re incubate negative tubes for additional 24 h. Examine 
a second time for gas. Perform a confirmation test on all presumptive positive 
(gassing) tubes. 
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Qonf i ramtion test for ooliforms 

Gently agitate each gassing 1ST tube and transfer loopful of suspension 
to tube of BGLB broth. Hold 1ST tube at angle and insert loop to avoid 
transfer of pellicle (if present). Incubate BGLB tubes 48 ± 2 h at 35 •. 
Examine for gas production and record. Calculate most probable number (MRJ) 
of ooliforms based on proportion of confirmed gassing 1ST tubes for 3 
consecutive dilutions. 

Confirmation test fo r E. Ooli 

Gently agitate each gassing 1ST tube and transfer loopful of each 
suspension to tube of EC broth. Incubate EC tubes 48 ± 2 h at 45,5 ± 0.2". 
Examine for gas production at 24 ± 2 h; if negative, examine again at 
48 ± 2 h. Streak loopful of suspension from each gassing tube to IHEMB agar. 
It is essential that 1 portion of plate exhibit well-separated colonies. 
Incubate 18-24 h at 35* . Examine plates for suspicious g. ooli oolonies, 
i.e. , dark centered with or without metallic sheen. Pick 2 suspicious colonies 
from each L-EMB plate and transfer them to PCA agar slants for morphological 
and biochemical tests. Incubate PCA slants 18-24 h at 35* . If typical colonies 
are not present, pick 2 or more colonies most likely to be E. coli. Pick 2 
colonies from every plate. 

Perform Gram stain. Examine all cultures appearing as Gram-negative 
short rods or cocci for the following biochemical activities: 

a. Indole production . Inoculate tube of tryptone broth and incubate 24 ± 
2 h at 35*. Test for indole by adding 0.2-0. 3 nil Kovacs* reagent. Appearance 
of distinct red colour in the upper layer is positive test. 

b. Voaes-Proskauer-reactive compounds . Inoculate tube of MR-VP broth and 
incubate 48 ± 2 h at 35* . Transfer 1 ml to 13 x 100 ram tube. Add 0.6 ml alpha- 
naphthol solution and 0.2 ml 40% KOH, and shake. Add a few crystal of 
creatine. Shake and let stand 2 h. Test is positive if eosin pink colour 
develops. 

c. Methyl red-reactive compounds . Incubate MR-VP tube additional 48 ± 2 h 
at 35* after Voges-Proskauer test. Add 5 drops methyl red solution to each 
tube. A distinct red colour is a positive test. Yellow is a negative reaction. 

d. Use of citrate . Lightly inoculate tube of Koser's citrate broth; avoid 
detectable turbidity. Incubate 96 ± 2 h at 35* . Development of distinct 
turbidity is positive reaction. 

e. Production of eras from lactose . Inoculate tube of 1ST broth and incubate 
48 ± 2 h at 35°. Displacement of medium from inner vial or effervescence 
after gentle agitation is positive reaction. 

f. Interpretation ■ All cultures that (a) ferment lactose with production 
of gas within 48 h at 35*, (b) appear as Gram-negative nonsporeforming rods 
or cocci, and (c) give IMViC patterns +n — (biotype 1) or -+ — (biotype 2) 
are considered to be E. coli . Calculate MFN of E. ooli based on proportion 
of EC tubes in 3 successive dilutions which have been shown to contain E. 
ooli . 
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Bquinnent and ma terials 


SALMONELLA 


a. Blender and sterile blender jars 

b. Sterile, 16 oz (500 ml) wide-mouth, screw-cap jars, sterile 500 ml 
Erlenmeyer flasks, sterile 250 ml beakers, sterile glass or paper 
funnels of appropriate size, and, optionally, containers of appropriate 
capacity to accommodate composited samples 

c. Sterile, bent-glass spreader rods 

d. Sterile spoons or other appropriate instruments for transferring food 
specimens 

e. Sterile culture dishes, 15 x 100 mm, glass or plastic 

f. Sterile pipets, 1 ml, with 0.01 ml graduations; 5 and 10 ml, with 0.1 ml 
graduations 

g. Inoculating needle and inoculating loop (about 3 mm id) , nichrome, 
platinum-iridium, or chramel wire 

h. Sterile test or culture tubes, 16 x 150 mm and 20 x 150 nm; serological 
tubes, 10 x 75 mm or 13 x 100 mm 

i. Test or culture tube racks 

j. Vortex mixer. 


Media and reagents 


a. 

b. 

c. 

d. 

e. 

f. 

g- 

h. 

i. 
j- 

k. 

l . 

m. 

n. 

o. 
P- 

q- 

r. 

s. 

t. 

u. 
V. 
w. 
X. 

y- 

z. 


Lactose broth 
Selenite cystine broth 
Tetrathionate broth 


Xylose lysine desoxycholate (XLD) agar 

Hektoen enteric (HE) agar 

Bismuth sulfite (BS) agar 

Triple sugar iron (TSI) agar 

Tryptone (tryptophane) (TSI) broth 

Trypticase soy-tryptose broth 

Simmons citrate agar 

Urea broth 

Urea broth (rapid) 

Malonate broth 

Lysine iron agar (Edwards and Fife) 

Lysine decarboxylase broth 
Potassium cyanide (KCN) broth 
Phenol red carbohydrate broth 
Purple carbohydrate broth 
MacConkey agar 

Brain heart infusion (BHI) broth 
Kovacs ' reagents 

Voges-Proskauer (VP) test reagents 
Methyl red indicator 

Formalinized physiological saline solution 
Salmonella polyvalent flagellar (H) antiserum 
Salmonella Spioer-Edwards flagellar (H) antisera. 


Procedure 


Aseptically weigh 25 g sample into sterile, wide-mouth, screw-cap jar 
(500 ml) or other appropriate container. Add 225 ml sterile lactose broth and 
mix well. Cap jar securely and let stand 60 min at roam tenperature. Mix well 
by swirling and determine pH with test paper. Adjust pH, if necessary, to 
6.8 ± 0.2. loosen jar cap about 1/4 turn and incubate 24 ± 2 h at 35*. 
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Tighten lid and gently shake incubated sample mixture; transfer 1 ml 
mixture to 10 ml selenite cystine broth and another 1 ml mixture to 10 ml 
tetrathionate broth. Incubate 24 ± 2 h at 35". Mix (vortex, if tube) and 
streak 3 mm loopful incubated selenite cystine broth on bismuth sulfite (BS) 
agar, xylose lysine desoxycholate (XLD) agar, and Hektoen enteric (HE) agar. 
(Prepare BS plates the day before streaking and store in dark at room 
temperature until streaked.) Repeat with 3 mm loopful of tetrathionate broth. 
Incubate plates 24 ± 2 h at 35" . 

Examine plates for presence of colonies suspected to be Salmonella , as 
follows : 

a. Hektoen enteric (HE) agar : Blue-green to blue colonies with or without 
black centers. Many cultures of Salmonella may produce colonies with large, 
glossy black centers or may appear as almost completely black colonies. 
Atypically, a few Salmonella species produce yellcw colonies with or without 
black centers. 

b. Bismuth sulfite (BS> agar : Typical Salmonella colonies may appear brcwn, 
gray, or black; sometimes they have a metallic sheen. Surrounding medium is 
usually brcwn at first, but may turn black in time with increased incubation, 
producing the so-called halo effect. Some strains may produce green colonies 
with little or no darkening of surrounding medium. 

c. Xylose lvsine desoxycholate rxrni agar : Pink colonies with or without 
black centers. Many cultures of Salmonella may have large, glossy black 
centers or may appear as almost completely black colonies. Atypically, a few 
Salmonella species produce yellow colonies with or without black centers. 

Select 2 or more colonies typical or suspected to be Salmonella from 
each selective agar. Inoculate into triple sugar iron (TSI) agar and lysine 
iron agar (LIA) . If BS agar plates have no colonies typical or suspected to 
be Salmonella or no growth whatsoever, incubate them an additional 24 h. 
Lightly touch the very center of the colony to be picked with sterile 
inoculating needle and inoculate TSI agar slant by streaking slant and 
stabbing butt. Without flaming, inoculate LIA by stabbing butt twice and then 
streaking slant. Since lysine decarboxylation reaction is strictly anaerobic, 
the LIA slants must have deep butt (4 am) . Store picked selective agar plates 
at 5-8”. 

Incubate TSI agar and LIA slants at 35" for 24 ± 2 h and 48 ± 2 h, 
respectively. Cap tubes loosely to maintain aerobic conditions while 
incubating slants to prevent excessive HjS production. Salmonella in culture 
typically produces alkaline (red) slant and acid (yellow) butt, with or 
without production of HjS (blackening of agar) in TSI agar. In LIA, Salmonella 
typically produces alkaline (purple) reaction in butt of tube. Consider only 
distinct yellow in butt of tube as acidic (negative) reaction. Do not 
eliminate cultures that produce discoloration in butt of tube solely on this 
basis, (tost Salmonella cultures produce H ^ in LIA. 

Re-examine 48 h BS agar plates for colonies suspected to be Salmonella . 
Pick 2 or more of these colonies, as described above, and continue procedure. 
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Retain all cultures presumed to be Salmonella on TSI agar (alkaline 
slant and acid butt) for biochemical tests, whether corresponding LIA reaction 
is positive (alkaline butt) or negative (acid butt) . Do not exclude TSI 
culture that appears to be bacterium other than Salmonella if reaction in LIA 
is typical (alkaline butt) for Salmonella . Treat these cultures as presumptive 
positive and submit them to further examination. LIA is useful in detecting 
S. ari zonae and atypical strains of Salmonella that utilize lactose and/or 
sucrose. Discard only cultures that appear not to be Salmonella on TSI agar 
(acid slant and acid butt) if corresponding LIA reactions are atypical (acid 
butt) for Salmonella . Test retained presumed-positive TSI agar cultures as 
directed below, to determine if they sire Salmonella species, including S. 
arizonae . If TSI cultures fail to give typical reactions for Salmonella , pick 
additional suspicious colonies frcm selective medium plate not giving 
presumed-positive culture and inoculate TSI agar and LIA slants as described 
above. 


Apply biochemical tests to: 

a. Three presumptive TSI agar cultures recovered from set of plates 
streaked from selenite cystine broth, if present, and presumptive TSI agar 
cultures recovered from plates streaked from tetrath ionate broth, if present. 

b. If 3 presumptive-positive TSI cultures are not isolated fran 1 set of 
agar plates, test other presumptive-positive TSI agar cultures, if isolated, 
by biochemical and serological tests. Examine a minimum of 6 TSI cultures for 
each 25 g analytical unit. 

Identification of Salmonella 


Mixed cultures : Streak TSI agar cultures that appear to be mixed on 
MacConkey agar, HE agar, or XLD agar. Incubate plates 24 ± 2 h at 35*. Examine 
plates for presence of colonies suspected to be Salmonella , as follows: 

a. MacConkey agar . Typical colonies appear transparent and colourless, 
sometimes with dark center. Colonies of Salmonella will clear areas of 
precipitated bile caused by other organisms sometimes present. 

b. Hektoen enteric (HE) agar . See Procedure , above. 

c. Xylose lvsine desoxvchol ate (xrn) agar . See Procedure , above. 

Transfer at least 2 colonies suspected to be Salmonella to TSI agar and 
LIA slants as described above, and continue as in Procedure shove. 

Pure cultures : 

a. Urease test (conventional) . With sterile needle, inoculate growth from 
each presumed-positive TSI agar slant culture into tubes of urea broth. Since 
occasional, uninoculated tubes of urea broth turn purple-red (positive test) 
on standing, include uninoculated tube of this broth as control. Incubate 24 ± 
2 h at 35". 

b. Optional urease test (rapid) . Transfer two 3 mm loopfuls of growth from 
each presumed-positive TSI agar slant culture into tubes of rapid urea broth. 
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Incubate 2 h in 37 ± 0.5° water bath. Discard all cultures giving positive 
test. Retain for further study all cultures that give negative test (no change 
in colour of medium) . 

Serological polyvalent flagellar (H) test 

a. Perform the polyvalent flagellar (H) test at this point, or later, as 
described below. Inoculate growth from each urease-negative TSI agar slant 
into 1) brain heart infusion broth and incubate 4-6 h at 35° until visible 
growth occurs (to test on same day) ; or 2) trypticase soy-tryptose broth and 
incubate 24 i 2 h at 35° (to test on following day) . Add 2.5 ml formalinized 
physiological saline solution to 5 ml of either broth culture. 

b. Select 2 formalinized broth cultures and test with Salmonella polyvalent 
flagellar (H) antisera. Place 0.5 ml of appropriately diluted Salmonella 
polyvalent flagellar (H) antiserum in 10 x 75 mm or 13 x 100 Iran serological 
test tube. Add 0.5 ml antigen to be tested. Prepare saline control by mixing 
0.5 ml formalinized physiological saline solution with 0.5 ml formalinized 
antigen. Incubate mixtures in 48-50’ water bath. Observe at 15 min intervals 
and read final results in 1 h. Positive — agglutination in test mixture and no 
agglutination in control. Negative — no agglutination in test mixture and no 
agglutination in control . Nonspecific — agglutination in both test mixture and 
control. Test the cultures giving such results with Spicer-Edwards antisera, 
below. 


Spicer-Edwards serological test : Use this test as an alternative to the 
polyvalent flagellar (H) test. It may also be used with cultures giving 
nonspecific agglutination in polyvalent flagellar (H) test. Perform Spicer- 
Edwards flagellar (H) antisera test as described above. Perform additional 
biochemical tests (below) on cultures giving positive flagellar test results. 
If both formalinized broth cultures are negative, perform serological tests 
on 4 additional broth cultures (above) . If possible, obtain 2 positive 
cultures for additional biochemical testing. If all urease-negative TSI 
cultures from sample give negative serological flagellar (H) test results, 
perform additional biochemical tests. 

Testing of urease-negative cultures : 

a. Lysine decarboxylase broth . If LIA test was satisfactory, it need not 
be repeated. Use lysine decarboxylase broth for final determination of lysine 
decarboxylase if culture gives doubtful LIA reaction. Inoculate broth with 
small amount of growth from TSI agar slant suspicious for Salmonella . Replace 
cap tightly and incubate 48 ± 2 h at 35" but examine at 24 h intervals. 
Salmonella species cause alkaline reaction indicated by purple colour 
throughout medium. Negative test is indicated by yellow colour throughout 
medium. If medium appears discoloured (neither purple nor yellow) add a few 
drops of 0.2% bromc resol purple dye and re-read tube reactions. 

b. Ehenol red dulcitol broth or purple broth base with 0.5% dulcitol . 
Inoculate broth with small amount of growth from TSI agar culture. Replace cap 
loosely and incubate 48 ± 2 h at 35“ , but examine after 24 h. Most Salmonella 
species give positive test, indicated by gas formation in inner fermentation 
vial and acid pH (yellow) of medium. Production of acid should be interpreted 
as a positive reaction. Negative test is indicated by no gas formation in 
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inner fermentation vial and red (with phenol red as indicator) or purple (with 
bromcresol purple as indicator) colour throughout medium. 


c. Trvptone for trvptochanel broth . Inoculate broth with small amount of 
growth from TSI agar culture. Incubate 24 ± 2 h at 35° and proceed as follows: 

1) Potassium cyanide fKCN) broth . Transfer 3 mm loopful of 24 h tryptophane 
broth culture to KCN broth. Heat rim of tube so that good seal is formed when 
tube is stoppered with wax-coated cork. Incubate 48 ± 2 h at 35° but examine 
after 24 h. Interpret growth (indicated by turbidity) as positive. Most 
Salmonella species do not grow in this medium, as indicated by lack of 
turbidity. 


2) Malonate broth . Transfer 3 mm loopful of 24 h tryptone broth culture to 
malonate broth. Since occasional uninoculated tubes of malonate broth turn 
blue (positive test) on standing, include uninoculated tube of this broth as 
control. Incubate 48 ± 2 h at 35°, but examine after 24 h. Most Salmonella 
species cultures give negative test (green or unchanged colour) in this broth. 


3) Indole test . Transfer 5 ml of 24 h tryptophane broth culture to empty 
test tube. Add 0.2-0. 3 ml Kovacs' reagent. Most Salmonella cultures give 
negative test (lack of deep red colour at surface of broth) . Record 
intermediate, varying shades of orange and pink as ±. 


4) Serological flagellar (HI tests for Salmonella . If either polyvalent 
flagellar (H) test (above) or the Spicer-Edwards flagellar (H) test tube test 
(above) has not already been performed, either test may be performed here. 


5) Discard as not Salmonella any culture that shews either positive indole 
test and negative serological flagellar (H) test, or positive KCN test and 
negative lysine decarboxylase test. 

Additional biochemical tests . Classify as Salmonella those cultures 
which exhibit typical Salmonella reactions for test Nos. 1-11, shown in 
Table 1. If one TSI culture from 25 g sample is classified as Salmonella ■ 
further testing of other TSI cultures from the same 25 g sample is 
unnecessary. Cultures that contain demonstrable Salmonella antigens as shown 
by positive Salmonella flagellar (H) test but do not have biochemical 
characteristics of Salmonella should be purified and retested. 


Perform the following additional tests on cultures that do not give 
typical Salmonella reactions for test Nos. 1-11 in Table 1 and that 
consequently do not classify as Salmonella . 


a. Ftienol red lactose broth or purple lactose broth 


1) Inoculate broth with small amount of growth from unclassified 24-48 h 
TSI agar slant. Incubate 48 ± h at 35°, but examine after 24 h. Positive — 
acid production (yellow colour) and gas production in inner fermentation vial. 
Consider production of acid only as positive reaction. Most cultures of 
Salmonella give negative test result, indicated by no gas formation in inner 
fermentation vial and red (with phenol red as indicator) or purple (with 
bromcresol purple as indicator) colour throughout medium. 
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Table 1. Biochemical and serological reactions of Salmonell a 



Test malonate broth positive cultures further to determine if they are 
Salmonella ari zonae. 


Do not discard positive broth cultures if corresponding UA cultures give 
typical Salmonella reactions; test further to determine if they are 
Salmonel la species. 
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2) Discard as not Salmonella , cultures that give positive lactose tests, 
except cultures that give acid slants in TSI agar and positive reactions in 
LIA, or cultures that give positive malonate broth reactions. Perform further 
tests on these cultures to determine if they are S. arizonae . 

b. Phenol red sucrose broth or purple sucrose broth . Follcw procedure 
described above. Discard as not Salmonella , cultures that give positive 
sucrose tests, except those that give acid slants in TSI agar and positive 
reactions in LIA. 

c. MR-VP broth . Inoculate medium with small amount of grtwth frcm each 
unclassified TSI agar slant suspected to contain Salmonella . Incubate 48 ± 2 h 
at 35*. 

1) Perform Voges-Proskauer (VP) test at roam temperature as follows: 
Transfer 1 ml of 48 h culture to test tube and incubate remainder of MR-VP 
broth additional 48 h at 35’. Add 0.6 ml a lcha -naohthol and shake well. Add 
0.2 ml 40% KDH solution and shake. To intensify and speed reaction, add a few 
crystals of creatine. Read results after 4 h: development of pink-to-ruby red 
colour throughout medium is positive test. Most cultures of Salmonella are VP- 
negative, indicated by absence of development of pink-to-red colour throughout 
broth. 


2) Perform methyl red test as follcws: To 5 ml of 96 h MR-VP broth, add 5-6 
drops of methyl red indicator. Read results immediately. Most Salmonella 
cultures give positive test, indicated by diffuse red colour in medium. A 
distinct yellcw color is negative test. Discard as not Salmonella cultures 
that give positive KCN and VP tests and negative methyl red test. 


d. Simmons citrate aoar . Inoculate this agar, using needle containing 
growth from unclassified TSI agar slant. Inoculate by streaking slant and 
stabbing butt. Incubate 96 t 2 h at 35’. Read results as follcws. 
Positive — presence of growth, usually accompanied by colour change from green 
to blue. Most cultures of salmonella cultures are citrate-positive. 
Negative — no growth or very little growth and no colour change. 


Classification of cultures : Classify as Salmonella , cultures that have 
reaction patterns of Table 1. Discard as not Salmonella , cultures that give 
results listed in any subdivision of Table 2. If neither of 2 TSI cultures 
carried through biochemical tests confirms the isolate as Salmonella , perform 
biochemical tests, on remaining urease-negative TSI cultures frcm sane 25 g 
sample. 


ENUMERATION OF YEASTS AND MOULDS 
Equiunent and materials 

a. Incubator set at 22-25’ 

b. Arnold steam chest 

c. pH meter 
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Media and reagents 

a. Potato dextrose agar 

b. Potato dextrose-salt agar. Same medium as above, amended with 75 g NaCl. 
This medium requires 20 g agar rather than 15 g agar pier liter. 

c. Malt extract agar 

d. Plate count agar (standard methods) 

e. Tartaric acid solution, 10%, sterile 

f. Antibiotic solution(s), see a. below 

Procedures 


Prepare sterile agar medium (250 ml portions in prescription bottles or 
flasks, autoclaved 15 min at 121" and 15 psi) . Temper to 45 ± 1" in water 
bath. Prepare medium well in advance and let solidify before re-melting and 
tempering. Do not re-melt solidified medium more than once or under pressure. 
An Arnold steam chest is recommended. Once medium has been tempered, it can 
be held for 2-3 h before use, provided water level of water bath is 2-3 an 
above surface of agar in aliquot container. Medium of choice is potato 
dextrose agar, although other media listed above may be used. Potato dextrose- 
salt agar is especially useful for analyzing samples containing "spreader" 
molds (Mucor, Rhizopus . etc. ) since the added NaCl effectively inhibits their 
growth but readily allows detection of other yeast-mold propagules. 

To inhibit bacterial growth, amend agar medium with either antibiotics 
or sterile 10% tartaric acid solution (to be done after agar has been tempered 
and immediately before pouring plates) as follows: 

a. Antibiotics . Use of antibiotics is preferred to tartaric acid solution 
because stock solutions are relatively easy to prepare and a low agar pH, 
inhibitory to sane yeast and mold species, does not result. Chlortetra- 
cycline-HCl, at agar medium concentration of 40 ppm, is recommended. Other 
antibiotics may be used (e.g., chloramphenicol, streptomycin) but should 
always be used at the same concentration as chlortetracycline-HCl and in 
addition to it. 

Prepare stock solutions by dissolving 1 g antibiotic in 100 ml of 
sterile distilled water and filtering through a 0.45 im membrane. Store stock 
solutions in dark at 4-8* . Shelf life should exceed 1 month. Equilibrate stock 
solutions to roan temperature immediately before use. If agar medium is in 
250 ml aliquots, add 1 ml of 100 ml stock solution to obtain 40 ppm 
concentration. If medium aliquots are greater or less, adjustments will be 
necessary. 

b. Tartaric acid solution . A 10% solution may be used to adjust agar medium 
to pH 3.5 ± 0.1. Sterilize solution by filtering through 0.45 membrane. 
Titrate to determine amount of solution needed to adjust pH to 3.5. Type and 
aliquot volume of medium will effect amount of solution needed. After adding 
solution to medium, verify pH by letting a portion of medium solidify and 
checking with pH meter. Do this for every new lot of medium prepared . 

Prepare sample and make appropriate dilutions. Dilutions of 10' 6 should 
suffice. 
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Use sterile cotton-plugged pipet to place 1 ml portions of sample 
dilutions into prelabled 15 x 100 mn petri plates (plastic or glass) , and 
immediately add 20-25 ml tempered agar medium containing either antibiotic(s) 
or tartaric acid solution. Mix contents by gently swirling plates clockwise 
then counterclockwise, taking care to avoid spillage on dish lid. Add agar 
within 1-2 min after adding dilution. Otherwise, dilution may begin to adhere 
to dish bottom (especially if sample is high in starch content and dishes 
are plastic) and may not mix uniformly. Plate each dilution in triplicate, 
using wide bore pipets. From preparation of first sample dilution to pouring 
of final plate, no more than 20 min, preferably 10 min, should elapse. 

Incubate plates in dark at 22-25" . Do not stack plates higher than 3 and 
do not invert. Let plates remain undisturbed until time for counting. 

Count plates after 5 days of incubation. Do not count plates after 
3 days since handling of plates could result in secondary growth from 
dislodged spores, making 5 day counts invalid. Count plates containing 10- 
150 colonies. If mainly yeasts are present, plates with 150 colonies are 
usually countable. However, if substantial amounts of mould are present, 
depending on the type of mould, the upper countable limit may have to be 
lowered at the discretion of the analyst. Report results in colonies (ool)/g 
or (col)/ml based on an average count of the triplicate set. Round off counts 
to 2 significant figures. If third digit is 6 or above, round off to digit 
above (e.g., 456 = 460); if 4 or belcw, round off to digit belcw (e.g., 454 = 
450) . If third digit is 5, round off to digit below if first 2 digits are an 
even number (e.g. , 445 = 440) ; round off to digit above if first 2 digits are 
an odd number (e.g., 455 = 460). 


MEDIA AND REAGENTS 


Media 

Bismuth Sulfite Agar (Wilson and Blair! 


Polypeptone (or peptone) 10 g 
Beef extract 5 g 
Dextrose 5 g 
NajHP0 4 (anhydrous) 4 g 
FeSO t (ahnydrous) 0.3 g 
Bismuth sulfite (indicator) 8 g 
Brilliant green 0.025 g 
Agar 20 g 
Distilled water 1 litre 


Mix thoroughly and heat with agitation. Boil about 1 min to obtain 
uniform suspension. (Precipitate will not dissolve.) Cool to 45-50*. Suspend 
precipitate by gentle agitation, and pour 20 ml portions into sterile 15 x 
100 mm petri dishes. Let plates dry about 2 h with lids partially removed; 
then close plates. Final pH, 7.6 ± 0.2. Do not autoclave . Prepare plates on 
day before streaking and store in dark. Selectivity decreases in 48 h. 
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Brain Heart Infusion fBHH Broth and Aaar 


Calf brain infusion 200 g 
Beef heart infusion 250 g 
Proteose peptone or gelysate 10 g 
NaCl 5 g 
Na 2 HP0 4 12 1^0 2.5 g 
Dextrose 2 g 
Distilled water 1 litre 


Dissolve ingredients in distilled water with gentle heat. Dispense broth 
into bottles or tubes for storage. Autoclave 15 min at 121*. Final pH, 
7.4 ± 0.2. 

To precare brain heart infusion agar , add 15 g agar to 1 litre EHI 
broth. Heat to dissolve agar before dispensing into bottles or flasks. 
Autoclave 15 min at 121* . 

Brillant Green Lactose Bile Broth 


Peptone 10 g 
lactose 10 g 
Oxgall 20 g 
Brilliant green 0.0133 g 
Distilled water 1 litre 


Dissolve peptone and lactose in 500 ml distilled water. Add 20 g 
dehydrated oxgall dissolved in 200 ml distilled water. The pH of this solution 
should be 7. 0-7. 5. Mix and add water to make 975 ml. Adjust pH to 7.4. Add 
13.3 ml 0.1% aqueous brilliant green in distilled water. Add distilled water 
to make 1 litre. Dispense into fermentation tubes, making certain that fluid 
level covers inverted vials. Autoclave 15 min at 121". Final pH, 7.2 ± 0.1. 

EC Broth 


Trypticase or tryptose 20 g 
Bile salts No. 3 1.5 g 
lactose 5 g 
KjHPO,, 4 g 
KHjPO, 1.5 g 
NaCl 5 g 
Distilled water 1 litre 


Distribute 8 ml portions to 16 x 150 rm test tubes containing inverted 
10 x 75 mu fermentation tubes. Autoclave 15 min at 121*. Final pH 6.9 ± 0.2. 

Hektoen Enteric (HE) Agar 


Peptone 

12 

Yeast extract 

3 

Bile salts 

9 

lactose 

12 

Sucrose 

12 

Salicin 

2 

NaCl 

5 


Sodium thiosulfate 5 g 
Ferric ammonium citrate 1.5 g 
Bromthymol blue 0.064 g 
Acid fuchsin 0.1 g 
Agar 13.5 g 
Distilled water 1 litre 
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Heat to boiling with frequent agitation to dissolve. Boil no longer than 
1 min. Do not overheat. Cool in water bath. Pour 20 ml portions into sterile 
15 x 100 mm petri dishes. Let dry 2 h with lids partially removed. Final pH, 
7.6 ± 0.2. Do not store more than 1 day. 


Koser's Citrate Broth 


NaNH^HPO^ ^HjO 1.5 g 

KjHPOj 1 g 

MgS0 4 '7R,0 0.2 g 

Sodium citrate '2HjO 3 g 

Distilled water 1 litre 


Dispense into screw-cap tubes as desired. Autoclave 15 min at 121’. 
Final pH, 6.2 ± 0.2. This formulation is listed in Official Methods of 
Analysis of the AQAC and Standard Methods for the Examination of Water and 
Wastewater of the AFHA. It differs from the composition of commercially 
available dehydrated media. The latter have been found to be satisfactory. 


lactose Broth 


Beef extract 3 g 
Peptone 5 g 
Lactose 5 g 
Distilled water 1 litre 


For E. ooli : Dissolve ingredients and dispense 10 ml portions into 20 x 
150 ran tubes containing inverted 10 x 75 mm fermentation vials. Autoclave 
15 min at 121’. Final pH 6.9 + 0.2. 


For Salmonella : Dispense 225 ml portions into 500 ml Erlenmeyer flasks. 
After autoclaving 15 min at 121’ and just before use, aseptically adjust 
volume to 225 ml. Final pH, 6.9 ± 0.2. 

Laurvl Trvptose fISTI Broth 


Tryptose or trypticase 20 g 
Lactose 5 g 
jytP0 4 2.75 g 
KH.PO, 2.75 g 
NaCl 5 g 
Sodium lauryl sulfate 0.1 g 
Distilled water 1 litre 


Dispense 10 ml portions to 20 x 150 ran tubes containing inverted 10 x 
75 mm fermentation tubes. Autoclave 15 min at 121‘. Final pH, 6.8 ± 0.2. 

Levine's Eosin-Methvlene Blue fb-HMB) Agar 


Peptone 

Lactose 

KjHPO,, 

Agar 
Eos in Y 

Methylene blue 
Distilled water 


10 g 
10 g 

2 g 

15 g 


0.4 g 
0.065 g 
1 litre 
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Boil to dissolve peptone, phosphate, and agar in 1 liter of water. Add 
water to make original volume. Dispense in 100 or 200 ml portions and 
autoclave 15 min at not over 121*. Final pH, 7.1 ± 0.2. Before use, melt, are! 
to each 100 ml portion add (a) 5 ml sterile 20% lactose solution, (b) 2 ml 
aqueous 2% eosin Y solution, and (c) 4.3 ml 0.15% aqueous methylene blue 
solution. When using complete dehydrated product, boil to dissolve all 
ingredients in 1 liter water. Dispense in 100 or 200 ml portions and autoclave 
15 min at 121*. Final pH, 7.1 ± 0.2. 

Lysine Decarboxylase Broth (Falkow) (for Salmonella) 


Gelysate or peptone 5 g 
Yeast extract 3 g 
Glucose 1 g 
L-Lysine 5 g 
Broncresol purple 0.02 g 
Distilled water 1 litre 


Heat until dissolve. Dispense 5 ml portions into 16 x 125 mm screw- 
cap tubes. Autoclave loosely capped tubes 15 min at 121". Screw the caps on 
tightly for storage and after inoculation. Final pH, 6. 5-6. 8. 

Lvsine Iron Agar fEdwards and Fife) 


Gelysate or peptone 5 g 
Yeast extract 3 g 
Dextrose 1 g 
Lr-Lysine 10 g 
Ferric ammonium citrate 0.5 g 
Sodium thiosulfate (anhydrous) 0.04 g 
Brcmcresol purple 0.02 g 
Agar 15 g 
Distilled water 1 litre 


Heat to dissolve ingredients. Dispense 4 ml portions into 13 x 100 ran 
screw-cap tubes. Autoclave 12 min at 121*. Let solidify in slanted position 
to form 4 cm butts and 2.5 cm slants. Final pH, 6.7 ± 0.2. 

MacConkev Aoar 


Proteose peptone or polypeptone 3 g 
Peptone or gelysate 17 g 
Lactose 10 g 
Bile salts No. 3 (or bile salts mixture) 1.5 g 
NaCl 5 g 
Neutral red 0.03 g 
crystal violet 0.001 g 
Agar 13.5 g 
Distilled water 1 litre 


Suspend ingredients and heat with agitation to dissolve. Boil 1-2 min. 
Autoclave 15 min at 121", cool to 45-50*, and pour 20 ml portions into sterile 
15 x 100 mm petri dishes. Dry at room temperature with lids closed. Do not use 
v.'or. pintos . Final pH, 7.1 T 0.2. 
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Malonate Broth 


Yeast extract 

i g 

(N^)jSO t 

2 g 


0.6 g 


0.4 g 

NaCl 

2 g 

Sodium malonate 

3 g 

Dextrose 

0.25 g 

Branthymol blue 

0.025 g 

Distilled water 

1 litre 


Dissolve by heating, if necessary. Dispense 3 ml portions into 13 x 
100 mm test tubes. Autoclave 15 min at 121°. Final pH, 6.7 ± 0.2. 


Malt Extract Aoar 

30 g 
20 g 
1 litre 


Malt extract 
Agar 

Distilled water 


Boil to dissolve ingredients. Autoclave 15 min at 121*. Dispense 20- 
25 ml into sterile 15 x 100 mm petri dishes. Final pH, 5.5 ± 0.2. 


MBrYP _ Broth 

Buffered peptone 

Glucose 

K ? HP0 4 

Distilled water 


7 g 
5 g 
5 g 
litre 


Dissolve ingredients in 800 ml water with gentle heat. Filter, cool to 
20°, and dilute to 1 liter. Autoclave 12-15 min at 121°. Final pH, 6.9 ± 0.2. 

For Salmonella : Dispense 10 ml into 16 x 150 mm test tubes, and 
autoclave 12-15 min at 121*. 


Fhenol Red carbohydrate Broth 


Trypticase or proteose peptone No. 3 10 g 
NaCl 5 g 
Beef extract (optional) 1 g 
Fhenol red (7.2 ml of 0.25% phenol red solution) 0.018 g 
Distilled water 1 litre 
Carbohydrate* 


♦Dissolve either 5 g dulcitol, 10 g lactose, or 10 g sucrose (as 
specified in the Salmonella test) in this basal broth. Dispense 2.5 ml 
portions into 13 x 100 un test tubes containing inverted 6 x 50 mm 
fermentation tubes. Autoclave 10 min at 118°. Final pH, 7.4 t 0.2. 
Alternatively, dissolve ingredients, omitting carbohydrate, in 800 ml 
distilled water with heat and occasional agitation. Dispense 2.0 ml portions 
into 13 x 100 mm test tubes containing inverted fermentation tubes. Autoclave 
15 min at 118° and let cool. Dissolve carbohydrate in 200 ml distilled water 
and sterilize by passing solution through bacteria-retaining filter. 
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Aseptically add 0.5 ml sterile filtrate to each tube of sterilized broth after 
coaling to less than 45*. Shake gently to mix. Final pH, 7.4 ± 0.2. 

Plate Count Agar f Standard Methods) 


Tryptone 5 g 
Yeast extract 2.5 g 
Dextrose 1 g 
Agar 15 g 
Distilled water 1 litre 


Heat to dissolve ingredients. Dispense into suitable tubes or flasks. 
Autoclave 15 min at 121". Final pH 7.0 ± 0.2. 

For viable yeasts and molds : Dispense 20-25 ml portions into sterile 
15 x 100 mm petri dishes. 

Potassium Cyanide (KCN) Broth 


Potassium cyanide 0.075 g 
Proteose peptone No. 3 or polypeptone 3 g 
NaCl 5 g 
KK,P0 4 0.225 g 
NajHPO^ 5.64 g 
Distilled water 1 litre 


Dissolve ingredients, except KCN, and autoclave 15 min at 121*. Cool and 
refrigerate at 5-8". Final pH, 7.6 ± 0.2. Dissolve 0.5 g KCN in 100 ml sterile 
distilled water cooled to 5-8". Using bulb pipetter, add 15 ml cold KCN 
solution to 1 liter cold, sterile base. Do not nipet bv mouth . Mix and 
aseptically dispense 1.0-1. 5 ml portions to 13 x 100 mm sterile tubes. Using 
aseptic technique, stopper tubes with No. 2 corks impregnated with paraffin. 
Prepare corks by boiling in paraffin about 5 min. Place corks in tubes so that 
paraffin does not flow into broth but forms a seal between rim of tubes and 
cork. Store tubes at 5-8" no longer than 2 weeks before use. 

Potato Dextrose Agar 


Potato infusion 200 ml 
Dextrose 20 g 
Agar 20 g 
Distilled water 1 litre 


To prepare potato infusion, boil 200 g sliced, unpeeled potatoes in 1 
liter distilled water for 30 min. Filter through cheesecloth, saving effluent, 
which is potato infusion. Mix in other ingredients and boil to dissolve. 
Autoclave 15 min at 121*. Dispense 20-25 ml portions into sterile 15 x loo mm 
petri dishes. Final pH, 5.6 ± 0.2. Medium should not be re-melted more than 
once. 


For potato dextrose salt aaar . prepare potato dextrose agar, as above, 
and add 75 g NaCl per litre. 


Copyrighted material 



234 


Purple Carbohydrate Broth 


Proteose peptone No. 3 10 g 
Beef extract (optional) 1 g 
NaCl 5 g 
Bromcresol purple 0.02 g 
Distilled water 1 litre 


Prepare as for phenol red carbohydrate broth (M109) . Final pH, 6.8 ± 

0 . 2 . 


Selenite Cystine Broth 
Medium 1 


Tryptone or polypeptone 5 g 
lactose 4 g 
Sodium selenite (NaHSeOj) 4 g 
Na 2 HP0 4 10 g 
L-Cystine 0.01 g 
Distilled water 1 litre 


Heat to boiling to dissolve. Dispense 10 ml portions into sterile 16 x 
150 mm test tubes. Heat 10 min in flowing steam. Do not autoclave . Final pH, 
7.0 ± 0.2. The medium is not sterile. Use same day as prepared. 


Medium 2 l North- Ba rtram modification^ 


Polypeptone 5 g 
Lactose 4 g 
Sodium selenite (NaHSeOj) 4 g 
NajHP0 4 5.5 g 
KHjP 0 4 4.5 g 
Lr-Cy stine 0.01 g 
Distilled water 1 litre 


Heat with agitation to dissolve. Dispense 10 ml portions to sterile 16 x 
150 mn test tubes. Heat 10 min in flowing steam. Do not autoclave . Use same 
day as prepared. 

Sintnons Citrate Agar 


Sodium citrate -2^0 2 g 
NaCl 5 g 
iyiP0 4 1 g 
NiyLjPq. 1 g 

Mgso 4 0.2 g 
Bromthymol blue 0.08 g 
Agar 15 g 
Distilled water 1 litre 


Heat gently with occasional agitation. Boil 1-2 min until agar 
dissolves. Fill 13 x 100 or 16 x 150 mm screw-cap tubes 1/3 full. Autoclave 
15 min at 121” . Before medium solidifies, incline tubes to obtain 4-5 cm 
slants and 2-3 cm butts. Final pH, 6.9 ± 0.2. 
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Tetrathionate Broth 
Tetrathionate broth base 


Polypeptone 5 g 
Bile salts 1 g 
Calcium carbonate 10 g 
Sodium thiosulfate -SHjO 30 g 
Distilled water 1 litre 


Suspend ingredients in 1 litre distilled water, mix, and heat to 
boiling. (Precipitate will not dissolve completely.) Cool to less than 45*. 
Store at 5-8*. Final pH, 8.4 ± 0.2. 

Iodine-Potassium Iodide (I-Kt) solution 

Potassium iodide 5 g 
Iodine, resublimed 6 g 
Distilled water, sterile 20 ml 

Dissolve potassium iodide en 5 ml sterile distilled water. Add iodine 
and stir to dissolve. Dilute to 20 ml. 


Brilliant green solution 


Brilliant green dye, 

sterile 

0.1 g 


Distilled water, sterile 

100 ml 


On day of use, 

, add 20 ml I-KT 

solution and 10 ml 

brilliant green 

solution to 1 litre 

base. Resuspend 

precipitate by gentle agitation and 

aseptically dispense 10 ml portions into 20 x 150 or 16 x 150 mm sterile test 
tubes. Do not heat medium after addition of I-KT and dye solutions. 

Triple Suaar Iron fTSIl Aaar 



Medium 1 


Medium 2 


Polypeptone 

20 g 

Beef extract 

3 g 

NaCl 

5 g 

Yeast extract 

3 g 

Lactose 

10 g 

Peptone 

15 g 

Sucrose 

10 g 

Proteose peptone 

5 g 

Glucose 

i g 

Glucose 

i g 

Fe(N^) 2 (S0 t ),-6H,0 

0.2 g 

Lactose 

10 g 

Na^a 
Fbenol red 

0.2 g 

Sucrose 

10 g 

0.025 g 

FeSO, 

0.2 g 

Agar 

13 g 

NaCl 

5 g 

Distilled water 

1 litre 

red 

0.3 g 
0.024 g 



Agar 

12 g 



Distilled water 

1 litre 


These two media sure interchangeable for general use. For use with 
V. oarahaemolvticus . add 25 g NaCl per litre to either formula. 
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Suspend ingredients of Medium 1 in distilled water, mix thoroughly, and 
heat with occasional agitation. Boil about 1 min to dissolve ingredients. Fill 
16 x 150 mm tubes 1/3 full and cap or plug to maintain aerobic conditions. 
Autoclave Medium 1 for 15 min at 118“ . Prepare Medium 2 in the same manner as 
Medium 1 . except autoclave 15 min at 121" . Before the media solidify, incline 
tubes to obtain 4-5 cm slant and 2-3 cm butt. Final pH, 7.3 ± 0.2 for Medium 1 
and 7.4 ± 0.2 for Medium 2 . 

Trvpticase Sov-Trvptose Broth 


Trypticase soy broth (cormercial , dehydrated) 15 g 
Tryptose broth (contnercial , dehydrated) 13.5 g 
Yeast extract 3 g 
Distilled water 1 litre 


Dissolve ingredients in 1 litre water. Heat gently to dissolve. Dispense 
5 ml portions into 16 x 150 mm test tubes. Autoclave 15 min at 121“ . Final pH, 
7.2 ± 0.2. 

Tryptone f Tryptophane) Broth. 1% 

Tryptone or trypticase 

Distilled water 1 

Dissolve and dispense 5 ml portions into 16 
tubes. Autoclave 15 min at 121*. Final pH, 
y. oarahaemolvticus . add 30 g NaCl. 

Urea Broth 

Urea 20 g 

Yeast extract 

KHjPO^ 

NajHP0 4 

Phenol red 0.01 g 

Distilled water 1 litre 

Dissolve ingredients in distilled water. Do not heat . Sterilize by 
filtration through 0.45 urn membrane. Aseptically dispense 1. 5-3.0 ml portions 
to 13 x 100 mm sterile test tubes. Final pH, 6.8 ± 0.2. 

Urea Broth (Rapid) 


Urea 20 g 
Yeast extract 0.1 g 
KHjPOj 0.091 g 
Nc^HP0 4 0.095 g 
Phenol red 0.01 g 
Distilled water 1 litre 


10 g 
litre 

x 125 or 16 x 150 mm test 
6.9 ± 0.2. For use with 


0.1 g 
9.1 g 
9.5 g 


Prepare as for urea broth, above. 
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Xylose Lysine Desoxvcholatp mn) Aaar 


Yeast extract 

3 g 

Ferric ammonium citrate 

0.8 g 

L-lysine 

5 g 

Sodium thiosulfate 

6.8 g 

Xylose 

3.75 g 

NaCl 

5 g 

lactose 

7.5 g 

Agar 

15 g 

Sucrose 

7.5 g 

Phenol red 

0.08 g 

Sodium 


Distilled water 1 

litre 


desoxycholate 2 . 5 g 

Heat with agitation just until medium boils. Do not overheat. Pour into 
plates when medium has cooled to 50" . Let dry about 2 h with covers partially 
removed. Then close plates. Final pH, 7.4 ± 0.2. Do not store more than 1 day. 

Reagents 

Butterfield's Fhosphate-Buf fered Dilution Water 
Stock solution 


KHjPO^ 34 g 

Distilled water 500 ml 

Adjust pH to 7.2 with 1 N NaOH. Bring volume to 1 litre with distilled 
water. Sterilize 15 min at 121’. Store in refrigerator. 

Dilution blanks 

Take 1.25 ml of above stock solution and bring volume to 1 litre with 
distilled water. Dispense into bottles to 90 or 99 ± 1 ml. Sterilize 15 min 
at 121*. 


Formalinized Physiological Saline Solution 

Formaldehyde solution (36r38%) 6 ml 
NaCl 8.5 g 
Distilled water 1 litre 


Dissolve 8.5 g NaCl in 1 litre distilled water. Autoclave 15 min at 
121*. Cool to roam tenperature. Add 6 ml formaldehyde solution. Do not 
autoclave after addition of formaldehyde. 

Kovacs 1 Reagent 

p-Dimethylaminobenzaldehyde 5 g 
Amyl alcohol (normal only) 75 ml 
HCl (concentrated) 25 ml 

Dissolve p-d inethy 1 aminobenza 1 dehyde in normal amyl alcohol. Slcwly add 
HCl. Store at 4". To test for indole, add 0.2-0. 3 ml reagent to 5 ml of 24 h 
bacteria culture in tryptone broth. Dark red colour in surface layer is 
positive test for indole. For enteropathogenic E. ooli . also test at 72 h if 
negative at 24 h. 
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Voqes-Proskauer (VP) Test Reagents 
Solution 1 


a-Naphthol 5 g 

Alcohol (absolute) 100 ml 

Solution 2 

Potassium hydroxide 40 g 

Distilled water to make 100 ml 

Voqes-Proskauer (VP) test . At room tanperature, transfer 1 ml of 48 h 
culture to test tube and add 0.6 ml solution 1 and 0.2 ml solution 2. Shake 
after adding each solution. Tto intensify and speed reaction, add a few 
creatine crystals to mixture. Read results 4 h after adding reagents. 
Development of eosin pink colour is a positive test. 
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X. IDENTIFICATION TESTS 


Acetate 


Acetic acid or acetates, when warmed with sulfuric acid and alcohol, 
form ethyl acetate, recognizable by its characteristic odour. With neutral 
solutions of acetates, ferric chloride TS produces a deep red colour which is 
destroyed by the addition of a mineral acid. 

Aluminum 


Solutions of aluminum salts yield with ammonia TS a white, gelatinous 
precipitate which is insoluble in an excess of ammonia TS. A similar 
precipitate is produced by sodium hydroxide TS or sodium sulfide TS, but it 
dissolves in an excess of either reagent. 

Ammonium 

Sodium hydroxide TS decomposes ammonium salts with the evolution of 
ammonia, recognizable by its odour and its alkaline effect upon moistened red 
litmus paper. The decomposition is accelerated by warming. 

Benzoate 


Neutral solutions of benzoates yield a salmon-coloured precipitate with 
ferric chloride TS. From moderately concentrated solutions of benzoate, dilute 
sulfuric acid TS precipitates free benzoic acid, which is readily soluble in 
ether. 

Bicarbonate 


See Carbonate. 
Bisulfite 

See Sulfite. 

Brcmate 


Solutions of bramates acidified with nitric acid (1 in 20), yield a 
white, crystalline precipitate with the addition of 2 or 3 drops of silver 
nitrate TS, which dissolves by heating. A pale yellow precipitate is produced 
with the addition of 1 drop of sodium nitrite TS. 

Solutions of bramates acidified with nitric acid (1 in 20) , produce a 
yellcw to reddish brawn colour with the addition of 5 or 6 drops of sodium 
nitrite TS. With the addition of 1 ml of chloroform and stirring, the 
chloroform layer becomes a yellcw to reddish brown colour. 

Bromide 


Free bromine is liberated from solutions of bromides upon the addition 
of chlorine TS, dropwise. When shaken with chloroform, the bromine dissolves, 
colouring the chloroform red to reddish brown. A yellowish white precipitate, 
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which is insoluble in nitric acid and slightly soluble in aimonia TS, 
produced when solutions of bromides are treated with silver nitrate TS. 


is 


Calciun 


Insoluble oxalate salts are formed when solutions of calcium salts are 
treated in the following manner: losing 2 drops of methyl red TS as indicator, 
neutralize a solution of a calcium salt (1 in 20) with ammonia TS. A white 
precipitate of calcium oxalate forms upon the addition of ammonium oxalate TS. 
This precipitate is insoluble in aoetic acid but dissolves in hydrochloric 
acid. 


Calcium salts moistened with hydrochloric acid inpart a transient 
yellowish red colour to a non-luminous flame. 

Carbonate 


Carbonates and bicarbonates effervesce with acids, yielding a colourless 
gas which produces a white precipitate immediately when passed into calcium 
hydroxide TS. Cold solutions of soluble carbonates are coloured red by 
phenolphthalein TS, whereas solutions of bicarbonates remain unchanged or are 
slightly changed. 

Chloride 


Solutions of chlorides yield with silver nitrate TS a white, curdy 
precipitate which is insoluble in nitric acid but soluble in a slight excess 
of ammonia TS. Chlorine, recognizable by its distinctive odour, is evolved 
when solutions of chloride are warmed with potassium permanganate and dilute 
sulfuric acid TS. 


Citrate 


When a few mg of a citrate are added to a mixture of 15 ml of pyridine 
and 5 ml of acetic anhydride, a carmine red colour is produced. 


Cop per 

When solutions of cupric compounds are acidified with hydrochloric acid, 
a red film of metallic copper is deposited upon a bright untarnished surface 
of metallic iron. An excess of anaemia TS, added to a solution of a cupric 
salt, produces first a bluish precipitate and then a deep blue-coloured 
solution. Solutions of cupric salts yield with potassium ferrocyanide TS a 
reddish brewn precipitate, insoluble in dilute acids. 

Ferrocyanide 


To 10 ml of a 1% solution of the sample add 1 ml of ferric chloride TS. 
A dark blue precipitate is formed. 


Iodide 


Solutions of iodides, upon the addition of chlorine TS, dropwise, 
liberate iodine which colours the solution yellcw to red. Chloroform is 
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coloured violet when shaken with this solution. The iodine thus liberated 
gives a blue colour with starch TS. Silver nitrate TS produces in solutions 
of iodides a yellow, curdy precipitate which is insoluble in nitric acid and 
in ammonia TS. 

Iron 


Solutions of ferrous and ferric compounds yield a black precipitate with 
amnonium sulfide TS. This precipitate is dissolved by cold dilute hydrochloric 
acid TS with evolution of hydrogen sulfide. 

Ferric salts 


Potassium ferrocyanide TS produces a dark blue precipitate in acid 
solutions of ferric salts. With an excess of sodium hydroxide TS, a reddish 
brcwn precipitate is formed. Solutions of ferric salts produce with amnonium 
thiocyanate TS a deep red colour which is not destroyed by dilute mineral 
acids. 

Ferrous salts 


Potassium ferricyanide TS produces a dark blue precipitate in solutions 
of ferrous salts. This precipitate, which is insoluble in dilute hydrochloric 
acid, is deoonposed by sodium hydrcocite TS. Solutions of ferrous salts yield 
with sodium hydroxide TS a greenish white precipitate, the colour rapidly 
changing to green and then to brown then shaken. 

Lactate 


Wien solutions of lactates are acidified with sulfuric acid, and 
potassium permanganate TS is added and the mixture heated, acetaldehyde, 
recognizable by its distinctive odour, is evolved. 

Magnesium 

Solutions of magnesium salts in the presence of amnonium chloride yield 
no precipitate with amnonium carbonate TS, but a white, crystalline 
precipitate, which is insoluble in ammonia TS, is formed upon the subsequent 
addition of sodium phosphate TS. 

Manganese 

Solution of manganous salts yield with ammonium sulfide TS a salmon- 
coloured precipitate which dissolves in acetic acid. 

Mitrate 


When a solution of a nitrate is mixed with an equal volume of sulfuric 
acid, the mixture cooled, and a solution of ferrous sulfate superimposed, a 
brown colour is produced at the junction of the two liquids. Brownish red 
fumes are evolved when a nitrate is heated with sulfuric acid and metallic 
capper. Nitrates do not decolourize acidified potassium permanganate TS 
(distinction from nitrites) . 
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Nitrite 


Nitrites yield brownish red fumes when treated with dilute mineral acids 
or acetic acid. A few drops of potassium iodide TS and a few drops of dilute 
sulfuric acid TS added to a solution of a nitrite liberate iodine which 
colours starch TS blue. 


Peroxide 

Solutions of peroxides slightly acidified with sulfuric acid yield a 
deep blue colour tpon the addition of potassium dichromate TS. On shaking the 
mixture with an equal volume of ether and allowing the liquids to separate, 
the blue oolour is transferred to the ether layer. 

P hosphate 

Neutral solutions of orthophosphates yield with silver nitrate TS a 
yellcw precipitate, which is soluble in dilute nitric acid TS or in anmonia 
TS. With amnonium molybdate TS, a yellcw precipitate, which is soluble in 
ammonia TS, is formed. 

Potassiun 


Potassium compounds inpart a violet oolour to a non-lumincus flame if 
not masked by the presence of small quantities of sodium. In neutral, 
concentrated or moderately concentrated solutions of potassium salts, sodium 
bitartrate TS slowly produces a white, crystalline precipitate which is 
soluble in ammonia TS and in solutions of alkali hydroxides or carbonates. The 
precipitation may be accelerated by stirring or rubbing the inside of the 
test tube with a glass rod or by the addition of a small amount of glacial 
acetic acid or ethanol. 


Sodiun 


Sodium compounds, after conversion to chloride or nitrate, yield with 
cobalt-uranyl acetate TS a golden-yellow precipitate, which forms after 
several min agitation. Sodium ocmpounds impart an intense yellcw colour to a 
non-luminous flame. 

Sulfate 


Solutions of sulfates yield with barium chloride TS a white precipitate 
which is insoluble in hydrochloric and nitric acids. Sulfates yield with lead 
acetate TS a white precipitate which is soluble in amnonium acetate solution. 
Hydrochloric acid produces no precipitate when added to solutions of sulfates 
(distinction from thiosulfates) . 

Sulfite 


When treated with dilute hydrochloric acid TS sulfites and bisulfites 
yield sulfur dioxide, recognizable by its characteristic odour. This gas 
blackens filter paper moistened with mercurous nitrate TS. 
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Tartrate 


When a few mg of a tartrate are added to a mixture of 15 ml of pyridine 
and 5 ml of acetic anhydride, an emerald green colour is produced. 

Thiosulfate 

Solutions of thiosulfates yield with hydrochloric acid a white 
precipitate which soon turns yellcw, liberating sulfur dioxide, recognizable 
by its odour. The addition of ferric chloride TS to solutions of thiosulfates 
produces a dark violet colour which quickly disappears. 

Zinc 


Zinc salts, in the presence of sodium acetate, yield a white precipitate 
with hydrogen sulfide. This precipitate, which is insoluble in acetic acid, 
is dissolved by dilute hydrochloric acid TS . A similar precipitate is produced 
by anmonium sulfide TS in neutral or alkaline solutions. Solutions of zinc 
salts yield with potassium ferrocyanide TS a white precipitate which is 
insoluble in dilute hydrochloric acid TS. 


Copyrighted material 



Copyrighted material 



245 


XI. STANDARD BUFFER SOIOTIONS 
BUFFER TEST SOLUTIONS 


Buffer TS (pH 2) 

Combine 11.90 ml of 0.2 M hydrochloric acid and 88.10 ml of 0.2 M 
potassium chloride, and dilute to 200 ml with water. 

Buffer TS (pH 5) 

Add 51.5 ml of 0.2 M disodium hydrogen phosphate to 48.5 ml of 0.1 M 
citric acid. 

Buffer TS (pH 5.45) 

Dissolve 1.8360 g of citric acid and 3.198 g of disodium hydrogen 
phosphate in carbon dioxide-free water to make 200 ml. 

Buffer TS frfi 6.5) 

Combine 50 ml of 0.2 M potassium dihydrogen phosphate and 15.2 ml of 
0.2 M sodium hydroxide, and dilute to 200 ml with water. 

Buffer acetate TS foH 5.01 

Add 4.6 g of anhydrous sodium acetate to 11.6 ml of 2 a acetic acid and 
dilute to 200 ml with water. Adjust the pH to 5.0 ± 0.1 with glacial acetic 
acid or 10% sodium hydroxide solution. 

Barbital buffer solution fpH 7,61 

Dissolve 4.3 g of barbital sodium in 200 ml of water, adjust the pH to 
7.6 with dilute hydrochloric acid, and filter. 

Citric acid buffer solution 


Dissolve 21 g of citric acid in water to make 1,000 ml (Solution A). 
Dissolve 28.4 g of disodium hydrogen phosphate in water to make 1,000 ml 
(Solution B) . Combine 11 volumes of Solution A and 389 volumes of Solution B. 

Formic acid buffer solution (pH 2.5) 

Add 18 ml of water to 0.8 ml of formic acid, adjust the pH to 2.5 with 
strong ammonia TS, and dilute to 200 ml with water. 

Phosphate buffer solution (pH 7,0) 

Combine 50 ml of 0.2 M potassium dihydrogen phosphate and 29.54 ml of 
0.2 M sodium hydroxide, and dilute to 200 ml with water. 
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Fhosohate buffer solution tcH 7.5) 


Dissolve 53.7 g of disodium hydrogen phosphate in water to make 1,000 ml 
(Solution A) . Dissolve 20.4 g of potassium dihydrogen phosphate in water to 
make 1,000 ml (Solution B) . Combine 21 volumes of Solution A and 4 volumes of 
Solution B, and adjust the pH to 7.5 with either Solution A or Solution B. 


STANDARD BUFFER 90UTCT0N 


Reagent Solutions 

Previously dry the crystalline reagents (except for boric acid) , at 110" 
to 120" , and use water that has been previously boiled and cooled to prepare 
the solutions. Store the prepared reagent solutions in chemically resistant 
glass or polyethylene bottles, and use within 3 months. Discard if moulding 
is evident. 


Boric acid/ potassium chloride. 0.2 M 

Dissolve 12.366 g of boric acid (HjBOj) and 14.911 g of potassium 
chloride (KC1) in water to make 1,000 ml. 

Hydrochloric acid. 0.2 H 


Dilute 19 ml of hydrochloric acid with water to make 1,000 ml and 
standardize the solution as follows: dissolve about 0.3 g, accurately weighed, 
of primary standard anhydrous sodium carbonate (NajOOj) , previously dried at 
about 270" for 1 h in 100 ml of water. Titrate with the hydrochloric acid 
using 2 drops of methyl red TS. When the solution becomes faintly pink, boil 
to expel carbon dioxide, cool, arri continue the titration until the faint pink 
colour is no longer affected by continued boiling. Each 10.60 mg of NajOOj is 
equivalent to 1 ml of 0.2 M hydrochloric acid. 


Potassium chloride. 0.2 M 


Dissolve 14.911 g of potassium chloride (KC1) in water to make 1,000 ml. 

Potassium hydrogen phthalate. 0.2 M 

Dissolve 40.844 g of potassium hydrogen phthalate [KHC 6 t^(COO) 2 ] in water 
to make 1,000 ml. 

Potas si um dihydrogen phosphate. 0.2 M 

Dissolve 27.218 g of potassium dihydrogen phosphate (Kt^P0 4 ) in water to 
make 1,000 ml. 


Sodium hydroxide. 0.2 M 


Dissolve about 9 g of sodium hydroxide (NaCH) in about 950 ml of water, 
end add a freshly prepared saturated solution of barium hydroxide until no 
more precipitate forms. Shake the mixture thoroughly, and allow it to stand 
overnight in a stoppered bottle. Decant or filter the solution, and 
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standardize the clear liquid as follows: Dissolve about 1 g, accurately 
weighed, of primary standard potassium hydrogen phthalate [KHCy^(O0O) 2 ] , 
previously dried at 105 ‘ for 3 h in 75 ml of carbon dioxide-free water, and 
titrate with the sodium hydroxide solution to a permanent pink colour using 
2 drops of phenolphthalein TS, as indicator. Each 40.84 mg of KHC 6 ti;(COO) 2 is 
equivalent to 1 ml of 0.2 M sodium hydroxide. 

Ccnposition of Standard Buffer Solutions 

Procedure 

To prepare a standard buffer solution having a pH within the range 1.2 
to 10.0, combine the appropriate solutions, prepared above, as shown in the 
following table, and dilute with water to make 200 ml. The standard pH values 
given in this table are considered to be reproducible to within ± 0.02 of the 
pH unit specified at 25". 


Hydrochloric 

Acid Phthalate 

Neutralized 

Phosphate 

Alkaline 

Acid Buffer 

Buffer 

Phthalate Buffer 

Buffer 

Borate Buffer 


To 50.0 ml of 0.2 To 50.0 ml of 0.2 
M KCl add the ml M KHC e H 4 (C00) 2 add 
of HCl specified the ml of HC1 
specified 

pH 0.2 M HCI(ml) pH 0.2 MHCl(ml) 

To 50.0 ml of 0.2 
M KHCg h 4 (C 00>2 add 
the ml of MaOH 
spec i f i ed 
pH 0.2 N NaOH(ml) 

To 50.0 ml of 0.2 
H KH 2 P0 4 add the 
ml of NaOH 
spec i f i ed 
pH 0.2 HNaOH(ml) 

To 50.0 ml of 0.2 
MH a B0j KCl add the 
ml of NaOH 
spec » f i ed 
pH 0.2 H NaOH(ml) 

1.2 

85.0 

2.2 

49.5 

4.2 

3.0 

5.8 

3.6 


8.0 

3.9 

1.3 

67.2 

2.4 

42.2 

4.4 

6.6 

6.0 

5.6 


8.2 

6.0 

1.4 

53.2 

2.6 

35.4 

4.6 

11.1 

6.2 

8.1 


8.4 

8.6 

1.5 

41.4 

2.8 

28.9 

4.8 

16.5 

6.4 

11.6 


8.6 

11.8 

1.6 

32.4 

3.0 

22.3 

5.0 

22.6 

6.6 

16.4 


8.8 

15.8 

1.7 

26.0 

3.2 

15.7 

5.2 

28.8 

6.8 

22.4 


9.0 

20.8 

1.8 

20.4 

3.4 

10.4 

5.4 

34.1 

7.0 

29.1 


9.2 

26.4 

1.9 

16.2 

3.6 

6.3 

5.6 

38.8 

7.2 

34.7 


9.4 

32.1 

2.0 

13.0 

3.8 

2.9 

5.8 

42.3 

7.4 

39.1 


9.6 

36.9 

2.1 

10.2 

4.0 

0.1 

- 

- 

7.6 

42.4 


9.8 

40.6 

2.2 

7.8 

- 

- 

- 

- 

7.8 

44.5 


10.0 

43.7 







6.0 

46.1 


" 

* 
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XII. STANDARD SOLUTIONS 


Amnonimi Standard Solution 


Dissolve 296.0 mg of ammonium chloride, NH^Cl, in sufficient water to 
make 100 ml. Transfer 10 ml of this solution into a 1,000-ml volumetric flask, 
dilute to volume with water. Each ml of this solution contains 0.01 mg of 
Mf. 

4 

Barium Standard Solution 

Dissolve 177.9 mg of barium chloride, BaCl ? -2^0, in water in a 1,000-ml 
volumetric flask, dilute to volume with water, and mix. Each ml of this 
solution contains 0.1 mg of Ba. 

Barium Chloride Standard Solution 

Dissolve 4.3 g of barium chloride in sufficient water to make 1,000 ml. 
Perform gravimetric analysis on the solution, and calculate the quantity of 
sodium sulfate (Na ? SO t ) corresponding to 1 ml of the solution. Each ml of this 
solution corresponds to about 2.5 mg of Na z SO t . 

Chrcndvm Standard solution 

To 0.934 g of potassium chromate, add 1 drop of 10% sodium hydroxide 
solution and water to 1,000 ml. To a 1 ml portion of the solution, add 1 drop 
of 10% sodium hydroxide solution and water to 1,000 ml. Each ml of this 
solution contains 0.25 jug of Cr. 

Condensed Fo rm aldehyde s tandard Solution 

Dilute 8.1 g of formalin (containing 37% of HCHO) with water to 
1,000 ml. To a 10 ml portion of the solution, add water to 1,000 ml. Each ml 
of this solution contains 0.03 mg of HCHO . Prepare freshly before use. 

Dithizone Standard So l ution 

Dissolve 10 mg of dithizone in 1,000 ml of chloroform. Store in a 
stoppered bottle lead free and in a cold place. 

Formaldehyde Standard Solution 

Dilute 2.7 g of formalin (containing 37% of HCHO) with water to 
1,000 ml. To a 10 ml portion of the solution, add water to 1,000 ml. Each ml 
of this solution contains 0.01 mg of HCHO. Prepare the solution fresh. 

I ron Standard Solution 

Dissolve 8.63 g of ferric airanonium sulfate in 20 ml of dilute nitric 
acid, and add water to 1,000 ml. To 10 ml of the solution add 20 ml of dilute 
nitric acid and water to 1,000 ml. Each ml of this solution contains 0.01 mg 
of Fe. Store in a dark bottle. 
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Lead Standard Solu tion 

Dissolve 159.8 mg of lead nitrate in 10 ml of dilute nitric acid, and 
add water to 1,000 ml. Prepare and store this solution in lead-free glassware. 
Dilute 10 ml of the solution with water to 100 ml. Each ml of this solution 
contains 0.01 mg of Fb. Prepare the solution fresh. 

Lead Standard Soluti on for Dithizone test 

To 10 ml of lead standard solution, add 1% nitric acid to 100 ml. Each 
ml of this solution contains 1 /ig of Fb. Prepare the solution fresh. 

Maonesiun Standard Solution 

Dissolve 50.0 mg nagnesium metal, Mg, in 1 ml of hydrochloric acid in 
a 1,000-ml volumetric flask, dilute to volume with water, and mix. Each ml of 
this solution contains 0.05 mg Mg. 

Mercury Standard Solution 

Dissolve 0.135 g of mercuric chloride in 10 ml of dilute nitric acid and 
sufficient water to make 1,000 ml. Dilute 10 ml of the solution with 10 ml of 
dilute nitric acid and water to make 1,000 ml. Dilute the second solution in 
same manner. Each ml of this final solution contains 0.1 /jg of Hg in 1 ml. 
Prepare the solution fresh. 

Methan o l Stand ar d So lution 

To 5 ml of 0.1% methanol, add 2,5 ml of alcohol not containing methanol , 
and add water to 50 ml. Each ml of this solution contains 0.1 mg of CHjCH. 

Nitrate Standard Solution 




Dissolve 1.63 g of potassium nitrate in water to make 1,000 ml. To a 
10 ml portion of the solution, add water to 100 ml. Each ml of this solution 
contains 0.1 mg of NOj. 

Phosphate Standard Solution 

Dissolve 143.3 mg of monobasic potassium phosphate, W^P0 4 , in water in 
a 100 ml volumetric flask, dilute to volume with water, and mix. Transfer 
10 ml of this solution into a 1,000-ml volumetric flask, dilute to volume with 
water, and mix. Each ml of this solution contains 10 *ig P0 4 . 

Potassiun Phosphate, Monobasic. Standard Solution 

Dissolve 4.394 g of potassium phosphate monobasic in sufficient water 
to make 1,000 ml. Each ml of this solution contains 1 mg of P. 


Selenium Standard Solution 


Add 10 ml of dilute sulfuric acid (1 in 2) to 1 g of selenium. Heat to 
dissolve, and evaporate to dryness on a water bath. Dissolve the residue in 
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sufficient water to make 1,000 ml. To a 10-ml portion of the solution, add 
water to 1,000 ml. Each ml of this solution contains 0.01 mg of Se. 

Thiamine Hydrochloride Standard Solution 

Dissolve 0.1 g of vitamin B, hydrochloride reference standa r d previously 
dried at 105' for 2 h, in water to make 1,000 ml. To a 10 ml portion of the 
solution, add water to 1,000 ml. Each ml of this solution contains 1 pg of 
vitamin B, hydrochloride reference standard. 

Zinc Standard Solution 


Dissolve 4.4 g of zinc sulfate in water to make 1,000 ml. To a 10 ml 
portion of the solution, add water to 1,000 ml. Each ml of this solution 
contains 0.01 mg of Zn. 
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XIII. TEST SOLUTIONS 


For the preparation of Test Solutions (TS) , reagents of analytical grade 
are to be used. 

Certain of the following Test Solutions are intended for use as acid- 
base indicators in volumetric analyses. Such solutions should be adjusted so 
that when 0.15 ml of indicator solution is added to 25 ml of carbon dioxide- 
free water, 0.25 ml of 0.02 {J acid or alkali, respectively, will produce the 
characteristic colour change. (IOT indicates a lead-free solution.) 

In general, the directive to use a freshly prepared solution indicates 
that the solution is of limited stability and must be prepared on the day of 
use. 


Xoetic Acid TS 


A solution cxxitaining approximately 30% w/v of CHjCDOH in water 
(approximately 5 ft) . 

Aget i c Acid TO^ D ilute 

A solution containing approximately 6% w/v of CHjOOOH (approximately N) . 

Acetic Acid TS. Strong 

See aoetic acid TS. 

Acetic Anhydride/Benzol TS 

To 10 ml of aoetic anhydride add sufficient benzol to make 100 ml. 

Aoetic Anhydride/Pyridine TS 

To 25 g of aoetic anhydride add sufficient dehydrated pyridine to make 
100 ml. Prepare freshly before use. 

Aoetic Periodic Acid TS 

Dissolve 5.4 g of periodic acid in 100 ml of distilled water and then 
add 1900 ml of glacial aoetic acid and mix thoroughly. Store the solution in 
a dark glass-stoppered bottle or store in the dark in a clear glass-stoppered 
bottle. 

Alcohols 


See ethanols. 

Alcoholic Potassium Hvdrcod.de TS 

See potassium hydroxide TS, ethanol ic. 
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Alizarin Yellow QG T3 


Dissolve 0.1 g of alizarin yellow GG in 100 ml ethanol. Filter if 
necessary. 

Mizaian JfeUg w . GG / TOyTOl p ht^ . ^ in TO 


Prepare by mixing 10 ml of alizarin yellcw GG IS with 20 ml of 
thymolphthalein TS. 


Alkaline Cupric Tartrate T8 

(Fehling's TS) . See cupric tartrate TS, alkaline. 

Alkaline Mercuric- Potassirm Iodide TS 

(Nessler's TS) . See mercuric-potassium iodide TS, alkaline. 

Alkaline Tartrate solution TS 


See tartrate solution TS, alkaline. 

l-Amino-2-Maphthol-4-8ulfonic Acid TS 


Dissolve 0.2 g of l-amino-2-naphthol -4 -sulfonic acid in 195 ml of sodium 
bisulfite solution (3 in 20) and 5 ml of anhydrous sodium sulfite solution 
(1 in 5) , and filter if necessary. Stopper tightly, and store in a dark, cold 
place. Use within 10 days of preparation. 


Anmonia TS 


A solution containing between 9.5% and 10.5% of NHj (approximately 6 N) . 
Prepare by diluting 400 ml of amnonium hydroxide (28%) with sufficient water 
to make 1,000 ml. 

Anmonia TS. Dilute 


See anmonia TS. 


Anmonia TS. Strong 

A solution containing approximately 25% w/v of NHj in water 
(approximately 15 N) . 

Anmonia T8. Dilute (tWI 


Dilute anmonia TS, which complies with the following test: to 20 ml of 
anmonia TS add 1 ml of potassium cyanide TS (EM) , dilute to 50 ml with water 
and add 2 drops of sodium sulfide TS (EM) ; no darkening should be produced. 
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Ammonia TS. Ethanol ic 

A 9 to 11% w/v solution of NHj in ethanol. A transparent, colourless 
liquid having a strong odour of ammonia. Specific gravity is about 0.80. Store 
in a rubber-stoppered container and in a cold place. 

ACTnonia/Aittnonium Chloride Buffer TS 

(Approx. pH 10) . Dissolve 67.5 g of ammonium chloride (NH^Cl) in water, 
add 570 ml of ansnonium hydroxide (28%) and dilute with water to 1,000 ml. 

Aamoniacal Silver Nitrate TS 

Add ammonia TS, dropwise, to a 1 in 20 solution of silver nitrate until 
the precipitate that first forms is almost, but not entirely, dissolved. 
Filter the solution, and store in a dark bottle. 

( Note . Amnoniacal silver nitrate TS forms explosive compounds on 
standing. Do not store this solution, but prepare a fresh quantity for each 
series of determination. Neutralize the excess reagent and rinse all glassware 
with hydrochloric acid immediately after completing a test.) 

A rnnonium Acetate TS 

A 10% w/v solution of ammonium acetate (CHjOCONHJ in water. 

Amnoniun Acetate Citrate TS (PM*) 

Dissolve 12.5 g of ammonium acetate (CHjCOONHJ and 12.5 g of ammonium 
citrate (CjH/THfOOOH) (COONHJj] in water, add strong ammonia TS until the 
solution is alkaline to thymol blue paper and add water to 100 ml. Purify with 
a 0.002% w/v solution of dithizone in chloroform, and finally shake the 
solution with chloroform to remove excess of dithizone. 

Ammonium Carbonate TS 


Dissolve 20 g of ammonium carbonate and 20 ml of ammonia TS in 
sufficient water to make 100 ml. 

Arnnonium Chloride TS 


10.5% w/v of ammonium chloride in water (approximately 2 N) . 

Amnoni un Chloride/Aianortium Hy dr oxide TS 

Mix equal volumes of water and strong ammonia TS, and saturate with 
ammonium chloride. 

tomoniun Citrate TS (IW) 

Dissolve 40 g of citric acid in 90 ml of water. Add 2 or 3 drops of 
phenol red TS, then cautiously add strong ammonia TS until the solution 
acquires a reddish colour. Remove any lead that may be present by extracting 
the solution with 20-ml portions of dithizone extraction TS until the 
dithizone solution retains its orange-green colour. 
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Anmoniian Molybd ate TS 


Dissolve 6.5 g of finely powdered molybdic acid (85%) in a mixture of 
14 ml of water and 14.5 ml of strong amnonia TS. Cool the solution, and add 
it slowly, with stirring, to a well-cooled mixture of 32 ml of nitric acid and 
40 ml of water. Allow to stand for 48 h, and filter through glass wool. This 
solution deteriorates upon standing and is unsuitable for use if, upon the 
addition of 2 ml of sodium phosphate TS to 5 ml of the solution, an abundant 
yellow precipitate does not form at once or after slicfit warming. Store it in 
the dark. If a precipitate forms during storage use only the clear, 
supernatant solution. 

Amnonivm Hoi vbdate/Sul furic Acid TS 

Dissolve 18.8 g of ammonium molybdate in 300 ml of water, and add 150 ml 
of sulfuric acid and sufficient water to make 500 ml. 

Annpniian Oxalate TS 


A 3.0% w/v solution of amnonium oxalate [ (OOONHJj] in water 
(approximately 0.5 N) . 

Ammoniun Sulfani l ate TS 


To 2.5 g of sulfanilic acid add 15 ml of water and 3 ml of ammonia TS 
and mix. If necessary, add with stirring, more ammonia TS, until the acid 
dissolves. Adjust the pH of the solution to about 4.5 with dilute hydrochloric 
acid TS, using bromocresol green TS as an outside indicator, and dilute to 
25 ml. 


Ammonium Sulfide TS 

Saturate ammonia TS with hydrogen sulfide (HjS) , and add two-thirds of 
its volume of amnonia TS. Residue on ignition: not more than 0.05%. The 
solution is not rendered turbid either by magnesium sulfate TS or by calcium 
chloride TS (carbonate) . This solution is unsuitable for use if an abundant 
precipitate of sulfur is present. Store it in a small, well-filled, dark 
amber-coloured bottle, in a cold, dark place. 

Anmoniu n Thioc yanate TS 

A 7.6% w/v solution of ammonium thiocyanate (NH^SCN) in water 
(approximately N) . 

Amnonivia Thiocryanate/Oobalt Nitrate TS 

Dissolve 17.4 g of ammonium thiocyanate and 2.8 g of cobalt nitrate in 
sufficient water to make 100 ml. 


Amylase TS 


To 0.2 g of amylase (crystal), add 100 ml of water, shake well and 
filter. Prepare freshly before use. 


d 


Copyrighted materi; 


257 


fin throne TB 

Dissolve about 0.1 g of anthrone in 100 g of sulfuric acid. Prepare 
freshly before use. 

fintimonv TS. Standard 

Dissolve 2.742 g of antimony potassium tartrate in water, and dilute to 
100 ml; dilute 5 ml of this solution to 500 ml with water. Each ml of the 
solution contains 0.001 mg of Sb. 

fintimonv Trichloride TS 

Wash the surface of antimony trichloride with anhydrous chloroform until 
the washings became transparent. Add anhydrous chloroform to antimony 
trichloride to make a saturated solution. Store in a tight container shaded 
from light and in a cold place. Prepare freshly before use. 

Arsenic TS. Dilute 

Mix 1 ml of strong arsenic TS with sufficient water to produce 100 ml. 
The dilute solution of arsenic must be freshly prepared. 1 ml contains 0.01 mg 
of arsenic. 

Arsenic TB. Strong 

Dissolve 0.132 g of arsenic trioxide in 50 ml of hydrochloric acid (a 
25% w/v solution of HCl in water) and add sufficient water to 100 ml. 

Arsenous Acid TS 


Dissolve 1 g of arsenous acid in 30 ml of sodium hydroxide solution 
(1 in 40), and heat. Cool, and slcwly add sufficient glacial acetic acid to 
100 ml. 

Barium chloride TS 

A 12% w/v solution of barium chloride (BaClj -2^0) in water 
(approximately N) . 

Bariun Diphenvlam-ine sulfonat e TS 

A 0.3% w/v solution of p-diphenylamine sulfonic acid barium salt in 

water. 

Benedict's Qualitative Reagent 

See cupric citrate TS, alkaline. 


Benaidina TS 

Dissolve 50 ng of benzidine in 10 ml of glacial acetic acid, dilute to 
100 ml with water and mix. ( Caution : benzidine is toxic.) 
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Bertrand ‘3 T8. A 

Dissolve 40 g of fine cupric sulfate in sufficient water to make 
1,000 ml. Fill a glass-stoppered container almost to the top, and store. 

Bertrand's TS, B 

Dissolve 200 g of potassium sodium tartrate and 150 g of sodium 
hydroxide in sufficient water to make 1,000 ml. Store in a rubber-stoppered 
container. 

Bertrand's T8, C 

Dissolve 50 g of ferric sulfate (shall not reduce potassium permanganate 
solution) in sufficient water. Add 200 ml of sulfuric acid, and add sufficient 
water to make 1,000 ml. 

Bertrand's TS, P 

Dissolve 5 g of potassium permanganate in sufficient water to make 
1,000 ml. 

Standardization : Dissolve 0.25 g of ammonium oxalate in 100 ml of water, 
and add 2 ml of sulfuric acid. Heat this solution to the temperature of 60” 
to 70*, and titrate with Bertrand's TS, D. If the volume of Bertrand's TS, D 
consumed is designated as a ml, each 1 ml of Bertrand's TS, D is equivalent 
to (0.2238/a)g of Cu. 

2.2 '-Bipyridine TS 

Dissolve 0.100 g of 2, 2' -bipyridine in 50 ml of purified absolute 
ethanol TS. 

Biamith nitrate TS (I) 

Reflux 5 g of bismuth nitrate (Bi(NOj) 5 -5I^O) , in 7.5 ml of nitric acid 
and 10 ml of water until dissolved, cool, filter and dilute the solution to 
250 ml. 

Bismuth Nitrate TS (II) 

Dissolve 5 g of bisnuth nitrate (Bi (NQj) 3 '5HjO) in 25 ml of water and 
25 ml of glacial acetic acid and dilute to 250 ml. 

Borax Buffer (WT) 

Dissolve 3.0 g of borax in 90 ml of water, and extract with successive 
portions, each of 5 ml of 1 volume of diphenyl thiocarbazone solution PbT and 
4 volumes of chloroform, with vigorous shaking, until the extract is blue or 
purple in colour; continue the extraction with successive portions, each of 
10 ml of chloroform, until the extract is colourless; reject the extracts, 
and dilute the solution to 100 ml with water. 
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Boric Acid TB 

Dissolve 5 g boric acid in 500 ml distilled water in a 1,000-ml 
measuring flask. Add 25 ml alcoholic indicator solution (67 mg methyl red and 
33 mg brcmocresol green in 100 ml 96% ethanol) and 200 ml ethanol. Make up to 
volume with distilled water. The boric acid indicator solution is red. 5 ml 
must turn green with not more than 3 drops of 0.01 N NaOH. 


(About 0.1 N bromine) (7.991 g Br per litre) . Dissolve 3 g of potassium 
brcmate (KBrO^) and 15 g of potassium bromide (KBr) in sufficient water to 
make 1,000 ml and standardize the solution as follows: transfer about 25 ml 
of the solution, accurately measured, into a 500-ml iodine flask and dilute 
with 120 ml of water. Add 5 ml of hydrochloric acid, stopper the flask and 
shake it gently. Then add 5 ml of potassium iodide TS, re-stopper, shake the 
mixture, allow it to stand for 5 min and titrate the liberated iodine with 
0.1 N sodium thiosulfate, adding starch TS near the end of the titration. 
Calculate the normality. Store this solution in a dark amber coloured, glass- 
stoppered bottle. 

Bromine TB 

(Bromine water) . A saturated solution of bromine, prepared by agitating 
2 to 3 ml of bromine (Br 2 ) with 100 ml of cold water in a glass-stoppered 
battled, the stepper of which should be lubricated with petrolatum. Store it 
in a cold place, protected from liefit. 

B rcmine/Acetic Acid T8 

Dissolve 5 ml of bremine in 145 ml of potassium acetate in acetic acid 
TS. Prepare this solution fresh daily. 


TS 

Add 1 ml of bromine to 300 ml of glacial acetic acid saturated with dry 
potassium bromide (5 g) . 15 ml of this solution require about 50 ml of 0.05 N 
sodium thiosulfate. This solution is stored in a dark bottle and kept in the 
dark. It is standardized at least once a day during use. 

Branine/Slacial Acetic Acid TB 

Dissolve about 1.5 g of bromine in sufficient glacial acetic acid to 
make about 100 ml. Each 1 ml of this solution is equivalent to about 2 ml of 
0.1 H sodium thiosulfate. 

Brcmine/Hvdrochloric Acid TS 

Mix 1 ml of bremine/potassium bromide TS with 100 ml of hydrochloric 
acid, arsenic- free. 
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Branine/Potassiun Brocade TS 

Dissolve 30 g of bromine and 30 g of potassium bromide in sufficient 
water to mate 100 ml. 


Branocresol Blue TS 


Use bramoc resol green TS. 

Branocresol Green TS 

Dissolve 0.05 g of branocresol green in 100 ml of ethanol, and filter 
if necessary. For pH determinations, dissolve 0.05 g in 1.4 ml of 0,05 N 
sodium hydroxide, and dilute with carbon dioxide-free water to 100 ml. 


Branocresol G re en/Methyl Red T S 

Mix equal volumes of branocresol green TS and methyl red TS. 


Branocresol Purple TS 

Dissolve 0.25 g of branocresol purple in 20 ml of 0.05 N sodium 
hydroxide, and dilute with water to 250 ml. 


Branoohenol Blue TS 

Dissolve 0.1 g of bramophenol blue in 100 ml of dilute ethanol (1 in 2) , 
and filter if necessary. For pH determinations, dissolve 0.1 g in 3.0 ml of 
0.05 N sodium hydroxide, and dilute with carbon dioxide-free water to 200 ml. 


Brcmophenol Blu e TS 


(For citric acid) . Mix bromophenol blue TS with equal volume of ethanol, 
adjust pH to 7.0 by adding 0.01 JJ sodium hydroxide solution. 

Brcmophenol Blue/Sodium Hydroxide TS 

Dissolve 0.1 g of bromophenol blue in 3 ml of 0.05 N sodium hydroxide 
by mixing well, and add sufficient water to 25 ml. 


Brano thymol Blue TS 

Dissolve 0.1 g of bromothymol blue in 100 ml of dilute ethanol (1 in 2) , 
and filter if necessary. For pH determinations, dissolve 0.1 g in 3.2 ml of 
0.05 N sodium hydroxide, and dilute with carbon dioxide-free water to 200 ml. 

Buffer TS 


See standard buffer solutions. 


Calcium Chloride TS 


A 7.5% w/v solution of calcium chloride (CaClj^t^O) in water 
(approximately N) . 
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Calcium Hydroxide TS 

A solution containing approximately 0.14 g of Ca(0H) 2 in each 100 ml. 
To prepare, add 3 g of calcium hydroxide [Ca(0H) 2 ] to 1,000 ml of water, and 
agitate the mixture vigorously and repeatedly during 1 h. Allow the excess 
calcium hydroxide to settle, and decant or draw off the clear supernatant 
liquid. 

Carr- Price TS 

Weigh an unopened (100 g) battle of antimony trichloride. Open the 
battle and empty the contents into a wide-mouthed, glass-stoppered amber 
bottle containing approximately 100 ml of chloroform. By difference, obtain 
the weight of antimony trichloride and then add sufficient chloroform to 
supply 100 ml for each 25 g. Dissolve by warming or shaking for several hours 
and filter through sodium sulfate into a clean, dry, amber bottle with ground 
glass stepper. This solution may be stored at roan temperature but should be 
kept in the dark when not in use. Hie reagent is apparently stable for long 
periods of time, tut it is convenient to make up sufficient amounts to last 
for one month. Rinse all glassware coming in contact with this reagent with 
chloroform, a mixture of ethanol and ether or dilute or concentrated 
hydrochloric acid before washing, since the antimony oxychloride which forms 
is insoluble in water. 

Ceric Ammon ium Nitrate TS 


Dissolve 6.25 g of ceric ammonium nitrate [ (NH^jCefNC^] in 100 ml of 
0.25 N nitric acid. Prepare the solution fresh every third day. 

Chlor a l Hydrate TS 

Dissolve 50 g of chloral hydrate in a mixture of 15 ml of water and 
10 ml of glycerol. 

Chlorine TS 


(Chlorine water) . A saturated solution of chlorine in water. Place the 
solution in a small, conpletely filled, 1 ight-resistant container. Chlorine 
TS, even when kept from light and air, is apt to deteriorate. Store it in a 
cold, dark place. For full strenght, prepare this solution fresh. 

Chronate TS, Standard 

Dissolve 0.0566 g potassium dichrcmate (l^CTjOy) in 1,000 ml of water. 
Each ml contains 0.02 mg of Cr. 

Chronic Acid TS 


See Chromium trioxide TS. 

Chronitm Trioxide TS 


A 3% w/v solution of chromium trioxide in water. 
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Chrcmotgcoic Acid TS 


Dissolve 2.0 g of chronotropic acid (4,5-dihydroxy-2,7-naphthalene- 
disulfonic acid, disodium salt) in 40 ml of water in a 1-litre volumetric 
flask. Dilute to volume with 15 M sulfuric acid. 


Citric Acid Buffer Solution 

See standard buffer solutions. 


Cobaltous Chloride TS 


Dissolve 2 g of cobaltous chloride (CoClj -6HjO) in 1 ml of hydrochloric 
acid and sufficient water to make 100 ml. 


Cobaltous Chloride TSC 


Dissolve about 65 g cobaltous chloride (CcClj -6^0) in enough of a 
mixture of 25 ml of hydrochloric acid and 975 ml of water to make 1,000 ml. 
Place exactly 5 ml of this solution in a 250-ml iodine flask, add 5 mi of 
hydrogen peroxide TS and 15 ml of 20% sodium hydroxide solution. Boil for 
10 min, cool, and add 2 g of potassium iodide and 20 ml of 25% sulfuric acid. 
When the precipitate has dissolved, titrate the liberated iodine with 0.1 {I 
sodium thiosulfate, using starch TS as indicator. Each ml of 0.1 N sodium 
thiosulfate is equivalent to 23.8 mg of CoCl, -6^0. Adjust the final volume of 
the solution by adding enough of the hydrochloric acid and water mixture so 
that each ml contain 59.5 mg of CoClj -61^0. 


Cobalt-Uranvl Acetate TS 


Dissolve, with warming, 40 g of uranyl acetate ^HjO] in a 
mixture of 30 g glacial acetic acid and sufficient water to mate 500 ml. 
Similary, prepare a solution containing 200 g of cobaltous acetate 
[OoicyijOjJj -4^0] in a mixture of 30 g of glacial acetic acid and sufficient 
water to make 500 ml. Mix the two solutions while still warm, and cool to 20* . 
Maintain the tenperature at 20* for about 2 h to separate the excess salts 
from solution, and then filter through a dry filter. 

Congo Red TS 

Dissolve 0.10 g of Congo red (sodium diphenyl-diazo-bis-a- 
naphthy laminesul f onate ) ( C^H 22 N < p 6 S 2 Na 2 ) in 20 ml of 90% ethanol and add 
sufficient water to mate 100 ml. 


Popper sulfate solution T8 


Dissolve 34.639 g of CuS0 4 in water, dilute to 500 ml, and filter 
through glass wool or paper. Determine the cu content of the solution 
(preferably by electrolysis), and adjust the content to 440.9 mg Cu/25 ml. 


Cresol Red TS 


Triturate 0.10 g of cresol red in a mortar with 26.2 ml of 0.01 N sodium 
hydroxide until solution is ccnplete, then dilute the solution with water to 
250 ml. 
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Creaol Red/Thvmol Blue TS 

Add 15 ml of thymol blue IS to 5 ml of cresol red TS, and mix. 

Crystal violet TS 

A 1% solution of methyl violet (methyl-rosaniline chloride; crystal 
violet) in glacial acetic acid. 

Cupric Acetate TS. Strong 

Dissolve 13.3 g of cupric acetate in 5 ml of acetic acid and 195 ml of 

water. 

Cupric Citrate T S, A lkaline 

(Benedict's qualitative reagent) . With the aid of heat, dissolve 173 g 
of sodium citrate (C^NajO,, -21L0) and 117 g of sodium carbonate (NajCDj HjO) in 
about 700 ml of water, and filter through paper, if necessary. In a separate 
container dissolve 17.3 g of cupric sulfate (CuS0 4 -5Hj 0) in about 100 ml of 
water, and slcwly add this solution, with constant stirring, to the first 
solution. Cool the mixture, dilute to 100 ml, and mix. 

Cupric Nitrate TS 

A 2.4% w/v solution of cupric nitrate (Cu(NC^) 2 -3H 2 0) in water. 

Cupric Sulfate TS 

A 12.5% w/v solution of cupric sulfate (CuS0 4 -5HjO) in water. 

Cupric Sulfate TSC 

Dissolve about 65 g of cupric sulfate (CuS0 4 -SHjO) in enough of a 
mixture of 25 ml of hydrochloric acid and 975 ml of water to make 1,000 ml. 
Pipet 10.0 ml of this solution in a 250-ml iodine flask, add 40 ml of water, 
4 ml of acetic acid, and 3 g of potassium iodide. Titrate the liberated iodine 
with 0.1 £t sodium thiosulfate, using starch TS as indicator. Each ml of 0.1 N 
sodium thiosulfate is equivalent to 24.97 mg of CuSO^HjO. Adjust the final 
volume of the solution by adding enough of the mixture of hydrochloric acid 
and water to make each ml contain 62.4 mg of CuS0 4 -5Hj0. 

Cupric Sul fate/Anrooni a TS 

Dissolve 0.4 g of cipric sulfate in 50 ml mixture of ammonia TS and 
solution of citric acid (1 in 5) in the ratio of 2:3. 

Cupric Tartrate TS, Alkaline 

(Fehling's TS) . (The Copper Solution (A) ] . Dissolve 34.66 g of carefully 
selected, small crystals of cupric sulfate (CuS0 4 -5HjO) shewing no trace of 
efflorescence or of adhering moisture, in sufficient water to make 500 ml. 
Store this solution in a small, tight container. (The Alkaline Tartrate 
Solution (B) ] . Dissolve 173 g of crystallized potassium sodium tartrate 
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(KNaC 4 H li 0 6 -4HjO) and 50 g of sodium hydroxide (NaOH) in sufficient water to 
make 500 ml. Store this solution in a small, alkali-resistant container. For 
use, mix exactly equal volumes of Solutions A and B at the time required. 

Cyanogen Bromide TS 

Dissolve 5 g of cyanogen bromide in water to make 50 ml. Caution . 
Prepare this solution under a hood, as cyanogen bromide volatilizes at room 
temperature and the vapour is highly irritating and poisonous. 

Deniges 1 Reagent 

See mercuric sulfate TS. 


4.4 l -Di*nvitv*i-iphenvlamine TS 


Triturate 4 , 4 1 -diaminodiphenylamine sulfate with a small amount of 
ethanol, and add ethanol again. Transfer this solution to a flask connected 
to a reflux condenser, heat on a water bath, and prepare a saturated solution. 

Di-fl-Kayhthylthiocarbazone/Chlorofom TS 

Add 0.1 g of di-B-naphthylthiocarbazone to 100 ml of carbon tetra- 
chloride. Dilute this solution 1:40 with chloroform. 


6-Dlchlorcphenol-Indophenol TS 


warm 0.1 g of 2,6-dichlorophenol-indophenol sodium (Cjjf^CljNNaC^) with 
100 ml of water and filter. The solution must be used within 3 days of 
preparation. 


2 .7-DihvdraxvnaDhthaiene TS 


Dissolve 0.1 g of 2,7-dihydroxynaphthalene in 1,000 ml of sulfuric acid 
and allow the solution to stand until the initial yellow colour disappears. 
If the solution is very dark, discard it and prepare a new solution from a 
different supply of sulfuric acid. This solution is stable for approximately 
one month if stored in a dark bottle. 


p-Diiaethvlamino benzal dehvde TS 


Dissolve 0.125 g of p-dimethylaminobenzaldehyde in a cooled mixture of 
65 ml of sulfuric acid and 35 ml of water, and add 0.05 ml of ferric chloride 
TS. Use within 7 days after preparation. 

Dimethyl alyrnrima TS 

A 1% w/v solution of dimethylglyoxime in ethanol. 


2 . 4-Dinitrcchenvlhvdrazine TS 


Dissolve 0.2 g of 2,4-dinitrophenylhydrazine in 100 ml of 
acid. Filter through a glass-filter (G3) if necessary. Store 
shaded bottle and in a dark, cold place. Use within 2 weeks of 


85% sulfuric 


in a light- 
preparation. 
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A 1% w/v solution of diphenylaroine [ (cy^J/IH] in sulfuric acid. Hie 
solution should be colourless. 

Diphenyl carbazide TS 

Dissolve 0.125 g of diphenylcarbazide [ (cy^ -NH NH) 2 00] in a mixture of 
25 ml acetone and 25 ml water. To be prepared immediately before use. 

Diphenvlcarbazone TB 

An approximately 1% w/v solution of diphenylcarbazone (C^H^O) in 
ethanol. Store this solution in a brown bottle. 

Diphenyl thiocarbazone Solution (WV) 

Extract 15 ml of a 0.1% w/v solution of diphenylthiocarbazone 
(C 6 H^ -N:NCS -NH-NH Cyi^) in chloroform, with 2 successive portions, each of 
50 ml of water containing 5 ml of dilute anmonia TS; acidify the combined 
extracts with dilute hydrochloric acid Ft/T, and extract with 100 ml of 
chloroform; wash the extract with 2 successive portions, each of 10 ml of 
water, and filter through a dry filter. Determine the approximate strength of 
this solution by the method for determination of zinc (see titanium dioxide 
monograph) , using 5 ml of standard zinc sulfate TS diluted to 25 ml with water 
in place of the 25 ml of acid solution used in the determination; dilute with 
chloroform so that 3 ml is approximately equivalent to each ml of standard 
zinc sulfate TS. This solution must be freshly prepared. 

a , g-Dipvridvl TS 

A 0.2% w/v solution of a,a-dipyridyl (C^HjNj) in absolute ethanol. 

Pithizone TS 


Dissolve 25.6 mg of dithizone in 100 ml of ethanol. 

Pithizone TS, Extraction 

Dissolve 30 mg of dithizone in 1,000 ml of chloroform, and add 5 ml of 
ethanol. Store the solution in a refrigerator. Before use shake a suitable 
volume of the dithizone extraction solution with abouth half its volume of 1% 
nitric acid, discarding the nitric acid. Do not use more than 1 month old. 

Dithiz one TS, s tandard 

Dissolve 10 mg of dithizone in 1,000 ml of chloroform. Keep the solution 
in a glass-stoppered, lead-free bottle, suitably wrapped to protect it from 
light, and store in a refrigerator. 

Dragendorff T8 

Solution 1 ; Weigh 0.85 g of basic bismuth nitrate, and dissolve in 10 ml 
of acetic acid and 40 ml of water. 
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Solution 2 : Weigh 8 g of potassium iodide, and dissolve in 20 ml of 
water. Mix 5 ml of Solution 1, 5 ml of Solution 2, 20 ml of acetic acid, and 
100 ml of water before use. 


Eosin Y TS 


(Adsorption indicator) A 0.5% solution of eosin Y in water. 

Eriochrorae Blade TS 

Dissolve 0.2 g of eriochrome blade T and 2 g of hydroxylamine 
hydrochloride (NHjOHHCl) in sufficient methanol to make 50 ml, and filter. 
Store the solution in a light-resistant container and use within 2 weeks. 

E thanol 

95% v/v ethanol. 

Ethanol. Absol ute 

99.5% v/v ethanol. 


Ethanol. Aldeh yd e- free 

To 1,000 ml of ethanol, add 5 ml of sulfuric acid and 20 ml of water, 
and distil. Add 10 g of silver nitrate and 1 g of potassium hydroxide to a 
1,000 ml portion of this distillate, boil for 3 h by connecting a reflux 
condenser, and recover the ethanol by distillation. 


Ethanol TS. Purified Absolute 


Add about 0.1% potassium permanganate and 0.1% potassium hydroxide to 
absolute ethanol and distil in an all-glass apparatus. 

Ethanol. 90% 

(At 15.56”). Dilute 94.8 ml of ethanol to 100 ml with water at 25*. 


Ethanol, 80% 


(At 15.56"). Dilute 84.3 ml of ethanol to 100 ml with water at 25”. 


Ethanol TS. 72% 

Mix 360 ml of purified absolute ethanol TS with 150 ml of water. 

Ethanol 70% 


(At 15.56”). Dilute 73.7 ml of ethanol to 100 ml with water at 25". 
Etha nolic Potassium Hydroxide TS 

See potassium hydroxide TS, ethanolic. 
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p-Ethoxychrvsoidin T8 

Dissolve 50 mg of p-ethojcychrysoidin moiohydrochloride in a mixture of 
25 ml of water and 25 ml of ethanol, acid 3 drops of hydrochloric acid, stir 
vigorously, and filter if necessary to obtain a clear solution. 

Fehlino's T8 

See cupric tartrate TS, alkaline. 

Ferric Anwoniun Sulfate TS 

An 8% w/v solution of ferric ammonium sulfate [FeNH^ (S0 4 )j -12^0] in 

water. 

Ferric Am non-iim Sul fate /Hydrochloric Acid TS 

A 0.1% w/v solution of ferric ammonium sulfate (FeNH^tSOJj 12HjO] in 
hydrochloric acid. 

Ferric Chloride TS 

A 9% w/v solution of ferric chloride (FeClj -OHjO) in water 
(approximately JJ) . 

Ferric Chloride TSC 

Dissolve about 55 g of ferric chloride (FeCl 3 -6f^O) in sufficient of a 
mixture of 25 ml of hydrochloric acid and 975 ml of water to make 1,000 ml. 
Pipet 10 ml of this solution in a 250-ml iodine flask, add 15 ml of water and 
3 g of potassium iodide, and allow the mixture to stand for 15 min. Dilute 
with 100 ml of water, and titrate the liberated iodine with 0.1 N sodium 
thiosulfate, adding starch TS. Each ml of 0.1 N sodium thiosulfate is 
equivalent to 27.03 mg of FeClj ■ 6^0. Adjust the final volume of the solution 
by the addition of enough of the mixture of hydrochloric acid and water, so 
that each ml contains 45.0 mg of FeClj '6HjO. 

Ferric Chloride TS, Ethanolic 

A 0.2% w/v solution of ferric chloride (FeClj-6HjO) in absolute ethanol. 
Prepare this solution fresh. 

Ferric Chloride TS. Dilute 

lb 2 ml of ferric chloride TS, add sufficient water to make 100 ml. 
Prepare freshly before use. 

Ferric Chloride/Hvclrochloric Acid TS 

Dissolve 5 g of ferric chloride (FeClj -6HjO) in 5 ml of hydrochloric 
acid and sufficient water to make 100 ml. 
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Ferric Sulfate TS 


Add 500 ml of water to 50 g of ferric sulfate, and mix thoroughly. To 
this mixture, add 200 ml of sulfuric acid, dissolve by shaking well, and add 
sufficient water to make 1,000 ml. 

Ferric Sulfate TS, Acid 

Add 7.5 ml of sulfuric acid to 100 ml of water, and dissolve 80 g of 
ferrous sulfate in the mixture with the aid of heat. Mix 7.5 ml of nitric acid 
and 20 ml of water, warm, and add to this the ferrous sulfate solution. 
Concentrate the mixture until, with the sudden emission of a red coloured 
vapour, the black colour of the liquid changes to red. Test for the absence 
of ferrous iron, and, if necessary, add a few drops of nitric acid and boil 
again. When the solution is cold, add sufficient water to make 110 ml. 

Ferrous Sulfate TS 

Dissolve 8 g of clear crystals of ferrous sulfate (FeS0 4 -7HjO) in about 
100 ml of recently boiled and thoroughly cooled water. Prepare this solution 
fresh. 


Ferrous Sulfate TS. Acid 

Dissolve 7 g of ferrous sulfate crystals in 90 ml of recently boiled and 
thoroughly cooled water, and add sufficient sulfuric acid to make 100 ml. 
Standardize frequently with 0.1 {J potassium permanganate (approximately 
0.25 N) . 


Fluorescein TS 


A 0.1% w/v solution of sodium fluorescein in 50% ethanol. 

Folln-Clocalteu TS 


Into a 150-ml flask introduce 10 g of sodium tungstate (Na 2 WD 4 -2HjO) , 
2.5 g of sodium molybdate (NajMo0 4 -2H,0) , 70 ml of water, 5 ml of phosphoric 
acid, and 10 ml of hydrochloric acid. Reflux the mixture gently for about 
10 h, and add 15 g of lithium sulfate (Li ? S0 4 -HjO) , 50 ml of water, and few 
drops of bromine. Boil the mixture, without the condenser, for 15 min or until 
the excess bromine is expelled. Cool, dilute with water to 100 ml, and filter. 
The filtrate has no greenish tint. Before use, dilute 1 part of filtrate with 
1 part of water. 

Form alde hyde TS 


A solution containing approximately 37.0% w/v of HCHO. It may contain 
methanol to prevent polymerization. 

Formal tn/Sulfuric Acid TS 


Mix 0.2 ml of formaldehyde TS with 10 ml of sulfuric acid. Prepare 
freshly before use. 
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Fuchs in/8ulfurous Acid TS 

Dissolve 0.5 g of basic fuchsin in 300 ml of hot water, and cool. Add 
a solution of 5 g anhydrous sodium sulfite dissolved in 50 ml of water while 
stirring, ard add 5 ml of hydrochloric acid with shaking. Dilute with water 
to 500 ml, ard allcw to stand for 5 h. Store in a light-shaded bottle, and in 
a cold place. 

Hvdriodlc Acid TS 

Distil hydriodic acid over red phosphorus, passing carbon dioxide 
through the apparatus during the distillation. The constant-boiling mixture 
distilling over a 126* -127 • , which is colourless or nearly colourless, is 
used. Place the acid in a small, brown, glass-stoppered bottle previously 
swept out with carbon dioxide, seal with paraffin, ard store in a cool, dark 
place. 

Hy d rochlor ic Aci d T S, Bradnated 

Mix 1 ml of solution of bromine with 100 ml of hydrochloric acid. 

Hydrochloric Acid TS. Dilute 

A solution containing 10% w/v of HC1. Prepare by diluting 266 ml of 
hydrochloric acid (36%) with sufficient water to make 1,000 ml. 

Hyd rochloric Acid, Dilute (PbT) 

A solution containing approximately 10% w/v of HC1; it carpi ies with the 
follcwing test: make 10 ml alkaline with airmonia dilute, FOT add 1 ml of 
potassium cyanide solution RJT, dilute to 50 ml with water, and add 2 drops 
of a 10% sodium sulfide solution in water. No darkening is produced. 

Hydrochloric Acid TS. Stannated 

Mix 1 ml of a solution of stannous chloride TS with 100 ml of 
hydrochloric acid (a 25% w/v solution of HC1 in water) . 

Hydrogen Peroxide TS 

A solution containing between 2.5 and 3.5 g of HjCX in each 100 ml. It 
may contain suitable preservatives, totalling not more than 0.05%. 

Hydrogen Sulfide TS 

A saturated solution of hydrogen sulfide made by passing HjS into cold 
water. Store it in a small, dark, amber -coloured bottle, filled nearly to the 
top. It is unsuitable unless it possesses a strong odour of t^S, ard unless 
it produces at once a copious precipitate of sulfur when added to an equal 
volume of ferric chloride TS. Store in a cold dark place. 
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Hvdraxvlamine Hydrochloride TS 


Dissolve 20 g of hydroxy lamine hydrochloride (MONHj-HCl) in sufficient 
water to make approximately 65 ml. Transfer to a separatory funnel, add a few 
drops of thymol blue pH indicator, then add strong anmonia TS until the 
solution assumes a yellow colour. Add 10 ml of a 4% solution of sodium 
diethyldithiocarbamate, mix well, and allow to stand for 5 min. Extract this 
solution with suooesive 10 to 15-ml portions of chloroform until a 5-ml 
portion of the chloroform extract does not assume a yellcw colour when shaken 
with a dilute cupric sulfate solution. Add diluted hydrochloric acid HdT until 
the solution is pink, and then dilute with sufficient water to make 100 ml. 

8-Hydroxvauinol ine TS 

A 5% w/v solution of 8-hydroxyquinoline (oxine) in ethanol. 

Indigo C urmSno TR 

Dissolve a quantity of indigo carmine (sodium indigotindisulfonate) 
equivalent to 0.18 g of C, 6 H s O^N J S 2 Na 2 , in sufficient water to make 100 ml. This 
solution should be used within 60 days of preparation. 

Iodine TS 


Dissolve 14 g of iodine in a solution of 36 g of potassium iodide in 
100 ml of water, add 3 drops of hydrochloric acid, and dilute with water to 
1,000 ml. 


iron indicator TS 


Place 62.5 g of ferric ammonium sulfate in a one-litre bottle, dissolve 
in 500 ml of water, add 450 ml of concentrated nitric acid, and mix. 


Iron TS. 

Dissolve 0.70 g of Fe(NH t ) 2 (S0 4 ),-6I^0 in 50 ml of water and add 20 ml of 
dilute I^S0 4 (1:15). Dilute to 1,000 ml with water and mix thoroughly. Dilute 
10 ml of this solution to 100 ml with water. Each ml contains 0.01 mg of Fe. 


Lead TS. Standard 


Dissolve 0.1598 g of lead nitrate [Pb(NOj),] in water to which has been 
added 1 ml of nitric acid and dilute to 1,000 ml. Then dilute 10 ml of this 
solution to 100 ml. Each ml contains 0.01 mg of lead. This solution must 
be freshly prepared. 


.Acetate TS 


Dissolve 9.5 g of clear, transparent crystals of 
[Eb(COOCHj), -31^0] in sufficient recently boiled water to make 
in a well-stoppered bottle. 


lead acetate 
100 ml. Store 
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Lead Acetate TS. Basic 


Mix 10 parts of finely pulverized lead oxide (EfcO) with 30 parts of lead 
acetate [FbfOOOCHjJj -3IL0] and 5 parts of water and heat gently in a closed 
vessel shaking repeatedly, until the mixture is white. Add 95 parts of water, 
heat for 1 h, shaking repeatedly, allow to cool and filter. Add water if 
necessary to obtain a solution of specific gravity 1.225-1.230. 

Lead Subacetate T S 


Triturate 14 g of lead monoxide (FbO) to a smooth paste with 10 ml of 
water, and transfer the mixture to a bottle, using an additional 10 ml of 
water for rinsing. Dissolve 22 g of lead acetate [Fb(COOCH } ) 2 -31LO] in 70 ml 
of water, and add the solution to the lead oxide mixture. Shake it vigorously 
for 5 min, then set it aside, shaking it frequently over 7 days. Finally 
filter, and add enough recently boiled water through the filter to make 
100 ml. 

Lead Subacetate TS, Dilute 

Dilute 3.25 ml of lead subacetate TS with sufficient water, recently 
boiled and cooled, to make 100 ml. Store in a small, well-filled, tight 
container. 

Litmus TS 


Boil 10 g of litmus of reagent purity with 40 ml of ethanol (90%) for 
1 h and pour away the clear liquid, repeat this operation twice with 30 ml of 
ethanol (90%) . Digest the washed litmus with 100 ml of boiling water for 1 h, 
cool and filter. 

Manganese Sulfate TS 

Dissolve 90 g of manganese sulfate in 200 ml of water, 175 ml of 
phosphoric acid and 350 ml of diluted sulfuric acid (1 in 2) . Add sufficient 
water to 1,000 ml. 

Magnesia Mixture TS 

Dissolve 5.5 g of magnesium chloride (MgCl 2 -6HjO) and 7 g of ammonium 
chloride (NH^Cl) in 65 ml of water, add 35 ml of artmonia TS, set the mixture 
aside for a few days in a well -stoppered bottle, and then filter. If the 
solution is not perfectly clear, filter again before use. 

Magnesian Sulfate TS 

Dissolve 12 g of crystals of magnesium sulfate (MgSO t * 7ILO) , selected 
for freedom from efflorescence, in water to make 100 ml. 

Mala chite Green TS 


A 1% w/v solution of malachite green oxalate in glacial acetic acid. 
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Haver 'a TS 


See mercuric-potassium iodide TS. 

Mercuric Acetate TS 

A 6% w/v solution of mercuric acetate [Hg(<XKXHj) 2 ] in glacial acetic 
acid. Store in a tight container protected from direct sun-light. 


Mercuric Chloride TS 


A 6.5% w/v solution of mercuric chloride (HgCl 2 ) in water (approximately 
0.5 li). 

Mercuric- Potasaiun iodide TS 

(Mayer's TS) . Dissolve 1.358 g of mercuric chloride (HgCl 2 ) in 60 ml of 
water. Dissolve 5 g of potassium iodide (KT) in 10 ml of water. Mix the two 
solutions, and add water to mate 100 ml. 


Mercuric- Potaaaiim Iodide ts. Alkaline 

(Nessler's TS) . Dissolve 10 g of potassium iodide (KI) in 10 ml of 
water, and add slcwly with stirring, a saturated solution of mercuric chloride 
until a slight red precipitate remains undissolved. TO this mixture add an 
ice-cold solution of 30 g of potassium hydroxide (K3H) in 60 ml of water, then 
add 1 ml more of the saturated solution of mercuric chloride. Dilute with 
water to 200 ml. Allow the precipitate to settle, and draw off the clear 
liquid. A 2-ml portion of this reagent, when added to 100 ml of a 1 in 300,000 
solution of amnonium chloride in aumonia-free water, produces at once a 
yellowish brown colour. 


Mercuric Nitrate TS 


Dissolve 40 g of yellcw mercuric oxide (HgO) in a mixture of 32 ml of 
nitric acid and 15 ml of water. Store in a light-shaded, glass -stoppered 
bottle (approximately 4 N) . 

Mercuric Sulfate T8 

(Deniges 1 TS) . Mix 5 g of yellow mercuric oxide (HgO) with 40 ml of 
water, and while stirring slowly add 20 ml of sulfuric acid, then add another 
40 ml of water, and stir until ccnpletely dissolved (approximately 0.5 0. 


Mercurous Nitrate TS 


Dissolve 200 g of mercury in nitric acid and add sufficient water to 
produce 1,000 ml. Mercurous nitrate TS should be kept in a bottle containing 
a little metallic mercury. 


p-Hethylaminophanol Sulfate TS 


Dissolve 2 g of p-methylamincphenol sulfate ( (HO -Cyt^ HjSOj] in 

100 ml of water. To 10 ml of this solution add 90 ml of water and 20 g of 
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sodium bisulfite. Confirm the suitability of this solution by the following 
test: add 1 ml of the solution to each of four tubes containing 25 ml of 0.5 N 
sulfuric acid and 1 ml of ammonium molybdate TS. Add 5 pg of phosphate (POJ 
to one tube, 10 to a second, and 20 nq to a third, using 0.5, 1.0, and 
2.0 ml, respectively, of Phosphate Standard Solution, and allcw to stand for 
2 h. The solutions in the three tubes should shew readily perceptible 
differences in blue colour corresponding to the relative amounts of phosphate 
added, and the one to which 5 fig of phosphate was added should be perceptibly 
bluer than the blank. 

Methylene Blue TS 

Dissolve 0.125 g of methylene blue in 100 ml of ethanol, and dilute with 
ethanol to 250 ml. 

Methyl ene Blue TS. Diluted 

To 1 ml of methylene blue TS, add sufficient water to make 100 ml. 

Meth yl orange TS 

Dissolve 0.1 g of methyl orange in 100 ml of water and filter if 
necessary. 


Methyl Orame/Xvlencvanol FF TS 

Dissolve 1 g of methyl orange and 1.4 g of xylencyanol FF in 500 ml of 
50% v/v ethanol. 

Methyl Red TS 

Dissolve 0.1 g of methyl rod in 100 ml of ethanol, and filter if 
necessary. For pH determinations, dissolve 0.1 g in 7.4 ml of 0.05 N sodium 
hydroxide, and dilute with carbon dioxide-free water to 200 ml. 

Methyl Red/Methvlene Blue TS 

Add 10 ml of methyl red TS to 10 ml of methylene blue TS, and mix. 
Meth y lrosan i line Chloride TS 
See chrystal violet TS. 

Methvl Violet TS 

See chrystal violet TS. 

Millon' s TS 


To 2 ml of mercury in an Erlenmeyer flask add 20 ml of nitric acid. 
Shake the flask under a hood to break up the mercury into small globules. 
After about 10 min add 35 ml of water and, if a precipitate or crystals 
appear, add sufficient dilute nitric acid (1 in 5, prepared from nitric acid 
free from the oxides which have been removed by blowing air through it until 
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it is colourless) to dissolve the separated solid. Add sodium hydroxide 
solution (1 in 10), dropwise, with thorough mixing, until the curdy 
precipitate that forms after the addition of each drop no longer redissolves 
but is dispersed to form a suspension. Add 5 ml more of the dilute nitric 
acid, and mix well. Prepare this solution fresh. 


Mur exide Indicator Preparation 


Add 0.4 g of murexide to 40 g of powdered potassium sulfate, and grind 
in a glass mortar to a homogeneous mixture. (Tablets containing 0.4 irg of 
murexide admixed with potassium sulfate or potassium chloride are available 
commercially. ) 


Naphthalenediol TS 


Dissolve 0.1 g of 2,7-dihydroxynaphthalene in 1,000 ml of sulfuric acid 
and allow the solution to stand in the dark until the yellow colour has 
disappeared (at least 18 h) . 


1-Naphthol TS 

Dissolve 1 g of 1-napthol in 25 ml of methanol. Prepare this solution 
freshly. 


Naphthol Green TS 


A 0.05% w/v solution of naphthol green in water. 

a-Naphtholbenzein TS 

A 1% w/v solution of a-naphtholbenzein in benzol. 

Messier's T S 


See mercuric-potassium iodide TS, alkaline. 

Neutral Red TS 


A 0.1% w/v solution of neutral red in 50% ethanol. 

Ninhvdrin TS 

A 0.2% w/v solution of ninhydrin ( tr iketohydr Lndene hydrate, cy^C^ HjO) 
in water. Prepare this solution fresh. 

Nitric Add TS. Dilute 


A solution containing about 10% w/v of HNOj. Prepared by diluting 105 ml 
of nitric acid (70%) with water to make 1,000 ml. 


Nitric Acid/ Sulfuric Acid TS 


Prepare about 1,000 ml of nitric acid (32-35% w/v of HNQ.) by diluting 
420 ml of nitric acid (70%) with 580 ml of distilled water, and add 30 ml of 
sulfuric acid. 
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Nitrite Standard TB 


Dissolve 1.5 g of sodium nitrite (NaNQ^) in 1,000 ml of carton dioxide- 
and aimonia-free water. Each contains 1 mg of NOj. 

o-Nitrofa gn ^iadehYde T8 

Saturate a 2 N sodium hydroxide solution with o-nitrobenzaldehyde 
(NOjC^OO) . 

Orthophenanthroline TS 

Dissolve 0.15 g of orthophenanthroline (C^jHgNj -HjO) in 10 ml of a 
solution of ferrous sulfate, prepared by dissolving 1.48 g of clear crystals 
of ferrous sulfate ( FeS0 4 • 7HjO) in 100 ml water. The ferrous sulfate solution 
must be prepared inroediately before dissolving the orthophenanthroline. Store 
the solution in well-closed containers. 

Oxalic Reid TO 

A 6.3% w/v solution of oxalic acid (Cy^0 t -2H20) in water (approximately 

N). 

Oxalic Acid/ Sulfuric Add TS 

Add an equal volume of sulfuric acid to water, and cool. To a 500 ml 
portion of the solution, add 25 g of oxalic acid. 

8-Oxvouinoline TB 

Dissolve 2 g of 8-axyquinoline in 6 ml of glacial acetic acid. Add 
sufficient water to 100 ml. Prepare freshly before use. 

Phenol Red T8 


(Hienolsulfanphthalein TS) . Dissolve 0.1 g of phenolsulfonphthalein in 
100 ml of ethanol, and filter if necessary. For pH determinations, dissolve 
0.1 g in 5.7 ml of 0.05 N sodium hydroxide, and dilute with carbon dioxide- 
free water to 200 ml. 

Phenplpfr t7«1«<n TB 

Dissolve 0.2 g of phenolphthalein (C^K^OJ in 60 ml of 90% ethanol and 
add sufficient water to make 100 ml. 

Fhenolph t-h*i n /Thvmol Blue TB 

Dissolve 2 g of phenolphthalein and 0.1 g of thymol blue in 100 ml of 
absolute ethanol, and filter if necessary. Prepare freshly before use. 

Phenolsulfonphthalein TO 

See phenol red TS. 


Copyrighted material 



276 


PhgnyltiYdiajS ine Kydrochloride/Sodj-mn A g atata TS 


Dissolve 0.5 g of phenylhydrazine hydrochloride in 10 ml of sodium 
acetate TS, and filter if necessary. Prepare freshly before use. 


p-Phenvlphenol TS 

On the day of use, dissolve 0.75 g of p-phenylphenol in 50 ml of sodium 
hydroxide TS. 

Ph lonxiluciiygiydrochloric Acid T8 

Dissolve 0.1 g of phloroglucin in 1 ml of ethanol, add 9 ml of 
hydrochloric acid, and mix well. Store in a dark place. 

Phosphonplvbdic Acid T8 

Dissolve 5 g of phosphomolybdic acid (20Mo0j -2 HjP 0 4 -48HjO) in water, 
filter and dilute to 100 ml with water. 


Phosphotunqstjc »cid _TS 

A 1% w/v solution of phosphotungstic acid (approximately 
24W0j -2 HjP0 4 -48HjO) in water. 


Picric Acid T8 

See trinitrophenol TS. 

Platinic chloride T8 

A 13% w/v solution of platinic chloride in water (approximately 0.5 HJ. 
Platiman/Cobalt TBC 


Transfer 1.246 g of potassium chloroplatinate (t^Ptcy , and 1.00 g of 
crystallized octal tous chloride, (CoCl 2 -SHp) , into a 1,000-ml volumetric 
flask, dissolve in about 200 ml of water and 100 ml of hydrochloric acid, 
dilute to volume with water, and mix. (Use this solution only when specified 
in an individual monograph.) 

Potassiun Acetate TS 


A 10% w/v solution of potassium acetate (KOOOCH,) in water. 
Potass ivm Acetate In Acetic Acid TS 


Dissolve 10 g of potassium acetate in 100 ml of a solution consisting 
of 90 ml of glacial aoetic acid and 10 ml of acetic anhydride. 
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Potassium Bichromate TS 

See potassium dichrcmate TS. 

Potassium Brcroate/Potassiim Bromide TS 

Dissolve 1.4 g of potassium bromate and 8.1 g of potassium bromide in 
sufficient water to make 100 ml. 

Potassium Chloride/Hydrochloric acid TS 

Dissolve 25 g of potassium chloride in 0.85 ml of hydrochloric acid and 
75 ml of water. 

Potassium Chromate TS 


A 10% w/v solution of potassium chromate (KjCr0 4 ) in water. 

Potassium Cyanate TS 

Dissolve 1 g of potassium cyanate in 9 ml of water. Prepare freshly 
before use. 

Potassium Cyanide TS (EOT) 

Dissolve 50 g of potassium cyanide in sufficient purified water to make 
100 ml. Remove the lead by shaking with portions of the dithizone extraction 
TS. Part of the dithizone remains in the aqueous phase but can be removed, if 
desired, by washing with chloroform. The strong potassium cyanide solution 
is then diluted to a concentration of 10 g per 100 ml. 

Potassium Dichrcmate TS 


A 7.5% w/v solution of potassium dichromate (Y 2 Cr 2 Q 7 ) in water. 

Potass iim Ferri cyanide TS 

Dissolve 1 g of potassium ferricyanide [KjFe(CN) 6 ] in 10 ml of water. 
Prepare this solution fresh. 

Potassi um Fe rro cyanide TS 

Dissolve 1 g of potassium ferrocyanide [J^Fe(QJ) 6 -3HjO] in 10 ml of 
water. Prepare this solution fresh. 

Potassium Hydroxide TS 

A 6.5% w/v solution of potassium hydroxide (KOH) in water (approximately 

N). 

Potassium Hydroxide TS. Ethanolic 

Place a few g (5 to 10) of potassium hydroxide in a 2-litre flask, add 
1 to 1.5 L of of 95% ethanol and boil on a water bath under reflux condenser 


Copyrighted material 



278 


from 30 to 60 min. Distil and collect the ethanol. Dissolve 40 g of potassium 
hydroxide, lew in carbonate, in 1,000 ml of the distilled ethanol keeping the 
temperature below 15.5’ while the alkali is being dissolved. This solution 
should remain clear. 


Potassium Iodate TS 


A 0.71% w/v solution of potassium iodate in water. Preserve in the dark. 

Potassium Iodide TS 


A 16.5% w/v solution of potassium iodide (KI) in water (approximately 
N) . Store in a light-resistant container. 

Potass iun Permanganate TS 


A 1.0% w/v solution of potassium permanganate (KMn0 4 ) in water. 

Potassiun Permaraanate/Phosphoric Acid TS 

To 75 ml of phosphoric acid, add sufficient water to 500 ml, and 
dissolve 15 g of potassium permanganate in the solution. 


Potassium Pvroa ntimon ate TS 


To 2 g of potassium pyroantimonate, add 100 ml of water. Boil the 
solution for about 5 min, cool quickly, and add 10 ml of 15% potassium 
hydroxide solution. Allcw to stand for one day, and filter. 


Potassium Sodium Tartrate TS 


A 14.1% w/v solution of potassium sodium tartrate (KNaC 4 H.0 6 -4HjO) in 

water. 


Potassium Sulfat e TS 


A 1% w/v solution of potassium sulfate (KjS 0 4 ) in water. 

Pyri dine/Acet i c Anhydride TS 

Mix 3 volumes of pyridine with 1 volume of acetic anhydride. Prepare 
freshly before use. 

Pvridinitra Chloride/Chloroform TS 


Place 75 g of anhydrous pyridine (CjHjN) and approximately 400 ml of 
chloroform in a 2-litre graduated cylinder. Weigh the cylinder and cool it in 
an ice water bath. Bubble dry hydrogen chloride slcwly through the solution. 
At intervals of several min interrupt the flew of gas, remove, dry and weigh 
the cylinder and its contents to determine the rate of flew of the gas. When 
approximately 35 g have been added, stop the flew of gas, warm the mixture to 
room temperature and expel the vapours with a stream of dry air. Add 100 ml 
of anhydrous pyridine and dilute to 1,000 ml with chloroform. When most of the 
reagent has been used, discard the last 100 ml. 
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Quiaociat? TB 

Dissolve 70 g of sodium molytdate (NajMbO^ -21^0) in 150 ml of water 
(Solution A) . Dissolve 60 g of citric acid in a mixture of 85 ml of nitric 
acid and 150 ml of water, and cool (Solution B) . Gradually add Solution A to 
Solution B, with stirring, to produce Solution C. Dissolve 5.0 ml of synthetic 
quinoline in a mixture of 35 ml of nitric acid and 100 ml of water (Solution 
D) . Gradually add Solution D to Solution C, mix well, and allow to stand 
overnight. Filter the mixture, add 280 ml of acetone to the filtrate, dilute 
to 1,000 ml with water, and mix. Store in a polyethylene bottle. Caution . This 
reagent contains acetone. Do not use near an open flame. Operations involving 
heating or boiling should be conducted in a well-ventilated hood. 

Ouinaldi ne th 

A 0.1% w/v solution of quinaldine red in glacial acetic acid. 

Balicylaldehyde TB 

A 20% v/v solution of sal icy laldehyde in ethanol. 

g chlff '.g a s 

Aqueous solution of 0.125 g of crystalline rasa line chlorohydrate in 
1,000 ml and discolour ized with sulfurous acid. 

Schi f fg . TS , Modified 

Dissolve 0.2 g of rosaniline hydrochloride (cy^gClNj) in 120 ml of hot 
water. Cool, add 2 g of sodium bisulfite (NaHSOj) followed by 2 ml of 
hydrochloric acid, and dilute to 200 ml with water. Store in a brown bottle 
at 15” or lower. 

Siliootunostic Acid TS 

Dissolve 10 g of silicotungstic acid (SiOj -12W0, -26^0) in water and 
neutralize with 10% sodium hydroxide solution to a methyl red endpoint. Dilute 
to approximately 100 ml. 

Silver ftmnoni onjtrate TS 


See Silver ammonium nitrate TS. 

Silver Amnonion nitrate TS 

Dissolve 1 g of silver nitrate in 20 ml of water. Add anmoriia TS, 
dropwise, with constant stirring, until the precipitate is almost but not 
entirely dissolved. Filter, and store in a ti<£it, light-resistant container. 

Silver Nitrate T8 

A 4.2% w/v solution of silver nitrate (AcfJOj) in water (approximately 
0.25 N) . 


Copyrighted material 



280 


Si lver Pi t rsta TO, Acid 


Dissolve 15 g of silver nitrate in 50 ml of water, add 400 ml of ethanol 
and several drops of concentrated nitric acid. This solution is standardized 
against 0.05 H aninanium thiocyanate by the Volhard method. The solution is 
very stable. 

Silver Nitrate Spray TS 


Prepare the following two solutions: 

(a) Dissolve 50 g of silver nitrate in 450 ml of distilled water. Store 
in an amber bottle. 


(b) Add 120 ml of concentrated ammonium hydroxide to 330 ml of distilled 

water. 


When required ocrtoine equal volumes of solutions (a) and (b) for use as 
spray reagent. 

Sodiim acetate TS 

A 13.6% w/v solution of sodium acetate in water (approximately N) . 


Sodiim Azide T8 


A 5% w/v solution of sodium azide in water. 


Sodiim Bisulfite TS 


Prepare a solution of sodium bisulfite in water (approximately 0.5 H) - 
Check the pH and if necessary, adjust to the range 3.0 to 4.5 with dilute 
sulfuric acid or sodium hydroxide. 

Sodiim Bitartrate TS 


A 1% w/v solution of sodium bitartrate (NaHC 4 H t 0 6 -HjO) in water 
(approximately N) . Prepare this solution fresh. 

Sodium Borate TS 


A 2% w/v solution of sodium borate (Na^Cy lOt^O) in water. 

Sodiim Carbonate TS 


A 10.6% w/v solution of anhydrous sodium carbonate (Na/Xlj) in water. 

Sodiim Chloride TS 

A 10% w/v solution of sodium chloride in water. 

Sodiim Cobaltini trite T8 

Dissolve 10 g of sodium cobaltini trite [Na 3 Cfc>(l'K)^) 6 ] in water to mate 
50 ml and filter if necessary. 
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Sodium Ethoori.de TS 


Dissolve 10 g of sodium in 120 ml of absolute ethanol, using the 
following method: remove surplus oil from the sodium metal with filter paper, 
weigh in benzol and again dry on a filter paper. Cut the weighed metal into 
small pieces about the size of a pea and carefully add one or two pieces at 
a time to a 500'-ml conical flask which is fitted with a water-cooled reflux 
condenser and contains the 120 ml of ethanol. 

Sodiun Flu orescein . TS 


A 0.1% w/v solution of sodium fluorescein in 50% ethanol. 

Sodiun Fluoride TS 


Dry about 0.5 g of sodium fluoride (NaF) at 200" for 4 h. Weigh 
accurately 0.222 g of the dried sodium fluoride, and dissolve it in sufficient 
water to make exactly 100 ml. Transfer 10.0 ml of this solution into a 
1,000-ml volumetric flask, dilute to volume with water, and mix. Each ml of 
this final solution corresponds to 0.01 mg of fluorine (F) . 

Sodium Hydrogen Sulfite TS 

A 33.3% w/v solution of sodium hydrogen sulfite in water. Prepare 
freshly before use. 

Sodium Hydroxide TS 

Dissolve 4.3 g of sodium hydroxide in water to make 100 ml 
(approximately N) . 

Sodiun Hydroxide TS (5%) , Methanol ic 

Dissolve 5 g of sodium hydroxide in 5 ml of water, then add sufficient 
methanol to make 100 ml. Use supemate. 

Sodiun Indiqotindi sulfonate TS 

See indigo carmine TS. 

Sodiun Nitr ite TS 


A 10% w/v solution of sodium nitrite in water. Prepare freshly before 

use. 


Sodiun Nitrofe rricvanide TS 

A 5% w/v solution of sodium nitroferricyanide (NajFe(NO) (CN) 5 in 

water. Prepare this solution fresh. 

Sodiun Hitroorusside TS 

See sodium nitroferricyanide TS. 
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Sodiun Phosphate TS 

See sodium phosphate TS, dibasic. 


Sodium Phosphate TS. Dibasic 

A 12% w/v solution of clear crystals of dibasic sodium phosphate 
(Na 2 HP0 4 -7H z O) in water. 

Sodium CTiosphate TS, Monobasic 


A 62.4% w/v solution of monobasic sodium phosphate (NaHjP0 4 -2HjO) in 
water (approximately 4 M) . 

Sodiun Starch Glvoolate TS (5%) 

Moisten 5 g of sodium starch glycolate with a few drops of ethanol, add 
100 ml of water and boil for 2-3 min, and cool. 


Sodium Starch Glvoolate TS (1%) 

Dilute 10 ml of sodium starch glycolate TS (5%) to 50 ml with distilled 
water. Prepare freshly before use. 


Sodiun Sulfide TS 


A 10% w/v solution of sodium sulfide (NajS-91^0) in water. Prepare this 
solution fresh. 


Sodiun Sulfide TS (H3T1 

Dissolve 10 g of sodium sulfide (FW) in sufficient water to make 100 ml 
and filter. 

Sodiun Thiosulfate TS 


Use 0.1 N sodium thiosulfate. 


Stannous Chl oride TS 

Dissolve 3.2 g of stannous chloride (SnCl 2 -2110) in 40 ml of 0.3 N 
hydrochloric acid. Transfer the solution to a 100-ml volumetric flask and 
dilute to the mark with 0.3 N hydrochloric acid. Prepare fresh daily. The 
stannous chloride solution should be titrated with sulfuric periodic acid TS 
before use and adjusted so that 10.0 ml of the stannous chloride reagent will 
titrate 10.2 ml of the periodic acid reagent. For the titration, 5 ml of 
concentrated hydrochloric acid are added to 10 ml of stannous chloride plus 
1 ml of starch indicator (a blue colour indicates the endpoint) . 


Starch TS 


Triturate 1 g of arrcwroot starch with 10 ml of cold water, and pour 
slowly, with constant stirring, into 200 ml of boiling water. Boil the mixture 
until a thin, translucent fluid is obtained. (Longer boiling than necessary 
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renders the solution less sensitive.) Allow to settle, and use only the clear, 
supernatant liquid. Prepare this solution fresh. 

Starch Iodide Paste TB 

Heat 100 ml of water in a 250-ml beaker to boiling, add a solution of 
0.75 g of potassium iodide (KI) in 5 ml of water, then add 2 g of zinc 
chloride (ZnCl,) dissolved in 10 ml of water, and, while the solution is 
boiling, add with stirring a smooth suspension of 5 g of potato starch in 
30 ml of cold water. Continue to boil for 2 min, then cool. Store in a well- 
closed container in a cool place. This mixture must show a definite blue 
streak when a glass rod dipped in a mixture of 1 ml of 0.1 M sodium nitrite, 
500 ml of water, and 10 ml of hydrochloric acid, is streaked on a smear of the 
paste. 

St arch Mucilage TB 
See starch TS. 

Sulfanilic Acid TS 

A 0.8% w/v solution of sulfanilic acid (p-NHj cy^SOjH -HjO) in acetic 
acid. Store in a tight container. 

Sulfanilic Acid/a-Kaphthvlamine TS 

Dissolve 0.5 g of sulfanilic acid in 150 ml of acetic acid. Dissolve 
0.1 g of a-naphthylamine in 0.26 g of hydrochloric acid and 150 ml of acetic 
acid, and mix. When a pink colour is produced upon standing, add zinc dust to 
discolour ize. 

Sulfuric Acid TS 

Add a quantity of sulfuric acid of kncwn concentration to sufficient 
water to adjust the final concentration to between 94.5 and 95.5% of H 2 SO^. 

Sulfuric Acid TS. Dilute 

A solution containing 10% w/v of HjSO^. Prepare by cautiously adding 
57 ml of sulfuric acid (95-98%) or sulfuric acid TS to about 100 ml of water, 
then cool to room temperature, and dilute with water to 1,000 ml 
(approximately 2 N) . 

Sulfuric Acid/Periodic Acid TS 

Dissolve 3.42 g of periodic acid (HjXO^) in 100 ml of 0.25 M sulfuric 
acid. Transfer the solution to a 500-ml volumetric flask and dilute to the 
mark with 0.25 H sulfuric acid (approximately 0.03 M sulfuric acid/pieriodic 
acid) . 

Tannic Acid TS 

Dissolve 1 g of tannic acid (tannin) in 1 ml of ethanol, and add water 
to mate 10 ml. Prepare this solution fresh. 
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Tannic Acid/Glacial Acetic Acid TS 


Dissolve 10 mg of tannic acid in 80 ml of glacial acetic acid while 
shaking, and add 32 ml of phosphoric acid. Prepare freshly before use. 

Tartrate Solution TS, Alkaline 


Dissolve 34.6 g of potassium sodium tartrate (Rochelle salt) and 10 g 
of sodium hydroxide in water, dilute to 100 ml, let stand two days, and filter 
thrombi glass wool. 


Thymol Blue TS 

Dissolve 0.1 g of thymol blue in 100 ml of ethanol, and filter if 
necessary. For pH determinations, dissolve 0.1 g in 4.3 ml of 0.05 N sodium 
hydroxide, and dilute with carbon dioxide-free water to 200 ml. 

Thiourea TS 


A 10% w/v solution of thiourea in water. 


Thvmolphthalein TS 

Dissolve 0.1 g of thymolphthalein in 100 ml of ethanol, and filter if 


necessary. 


Tin (XI) sulfate TS 

Add 10 g of tin (II) sulfate to 100 ml of 1% sulfuric acid. Agitate 
continuously for several hours decanting the solution from the insoluble 
fraction at frequent intervals. 


Triketohvdrindene Hydrate TS 

See ninhydrin TS. 


Trinitrophenol TS 

(Picric acid TS) . Dissolve the equivalent of 1 g of anhydrous 
trinitrophenol in 100 ml of hot water. Cool the solution, and filter if 
necessary. 

Oranvl Acetate TS 

Dissolve 1 g of uranyl acetate in 20 ml of water by shaking well and 
filter. 


Uranyl Zinc Acetate TS 


Dissolve 10 g of uranyl acetate [ (CHjCOO) 2 UOj -21^0) ] by heating with 
50 ml of water and 5 ml of aoetic acid (a solution containing approximately 
30% w/v of CHjOOOH, in water, approximately 5 N) . Dissolve 3 g of zinc acetate 
[ (ChjOOO^Zn] in 30 ml of water and 3 ml of 30% w/v acetic acid (approximately 
5 K) . Mix the two solutions, allow to cool to roan temperature, and remove by 
filtration any solid material which separates. 
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Vanadic Acid/Molvbdic acid T8 

Dissolve 1.12 g of anmonium meta vanadate in about 300 ml of warm water, 
add 250 ml of nitric acid. Cctcbine the cooled solution with another solution 
of 27 g of anmonium molybdate in about 400 ml of warm water, then add 
sufficient amount of water to make 1,000 ml. Use after 3 to 4 days of 
preservation in coloured bottle. 

Xvlenol Orange TS 

A 0.1% w/v of xylenol orange in ethanol. 

7.1 no amalgam TS 

Add about 10 g of granulated zinc to sufficient mercury, about 20 ml, 
to produce a liquid amalgam on cooling, and heat at 150", with stirring, until 
the zinc is dissolved. Zinc amalgam may be used repeatedly until the content 
of zinc is reduced to 0.2% w/w, as determined by the following process. Fill 
a pycnometer with mercury at 25” ± 1”, and weigh. Repeat the operation, using 
the amalgam. Calculate the proportion of zinc from the formula: 

Percentage w/w of zinc . 13.534 - A 

0.000875 

where A . wt of amalgam - 13.534 
wt of mercury 

Zinc Sulfate T8 

A 10% w/w solution of zinc sulfate (ZnS0 4 -7^0) in water. 

Zinc Bulfata T8. Standard 

Dissolve 0.440 g of zinc sulfate in sufficient water to produce 
1,000 ml, and dilute 50 ml of the solution to 1,000 ml with water. Each ml of 
the solution contains 5 fig of zinc. 

Ziro o niun/Alizarin TS 

Dissolve 0.80 g of zirconium nitrate [Zr(NOj)^ -51^0] in water, add a few 
drops of 4 fi nitric acid, and make up to 100 ml with water. Dissolve 0.10 g 
of alizarin sulfonate monohydrate in 20 ml of water, and make up to 100 ml 
with ethanol. Mix 1 ml of the first solution with 1 ml of the second solution 
and add 18 ml of water. This solution must be clear and the dilution should 
be freshly prepared. 

zwikker's TO 

Mix 1 ml of pyridine with 4 ml of a 10% aqueous solution of copper 
sulfate and 5 ml of water. 
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XXV. VOLUMETRIC SOLUTIONS 


Nontal Solutions 


A normal solution contains 1 g equivalent weight of the solute per litre 
of solution. The normalities of solutions used in volumetric determinations 
are designated as 1 N; 0.1 N; 0.05 N; etc. 

Molar Solutions 


A molar solution contains 1 g molecular weight of the solute per litre 
of solution. The molarities of such solutions are designated as 1 M; 0.1 M; 
0.05 M; etc. 

Preparation and Methods of Standardization 

The details for the preparation and standardization of solutions used 
in several normalities are usually given only for those most frequently 
required. Solutions of other normalities are prepared and standardized in the 
same general manner as described. Solutions of lower normalities may be 
prepared accurately by making an exact dilution of a stronger solution, but 
solutions prepared in this way should be restandardized before use. 

Dilute solutions that are not stable, such as 0.01 N potassium 
permanganate and sodium thiosulfate, are preferably prepared by diluting 
exactly the higher normality with thoroughly boiled and cooled water on the 
same day they are to be used. 

All volumetric solutions should be prepared, standardized, and used at 
the standard teaiperature of 20" , if practicable. When a titration must be 
carried out at a markedly different temperature, the volumetric solution 
should be standardized at that same teirperature, or a suitable temperature 
correction should be made. Since the strength of a standard solution nay 
change upon standing, the normality or molarity factor should be redetermined 
frequently. 

Although the directions provide only one method of standardization, 
other methods of equal or greater accuracy may be used. For substances 
available as certified primary standards, or of comparable quality, the final 
standard solution my be prepared by weighing accurately a suitable quantity 
of the substance and dissolving it to produce a specific volume solution of 
known concentration. Hydrochloric and sulfuric acids my be standardized 
against a certified primary standard. 

In volumetric assays described, the number of mg of the test substance 
equivalent to 1 ml of the primary volumetric solution is given. In general, 
these equivalents my be derived by sirrplc calculation. 

0.1 N Anmonia . (3.505 g of NH,0H per litre) 

Add sufficient water to about 35 ml of armonia TS to 1,000 ml. 
Standardize the solution with 0.1 N hydrochloric acid, using bromophenol blue 
TS as the indicator. 
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0.1 N tewonim Thiocyanate . (7.612 g of NH^SCN per litre) 


Dissolve about 8 g of antnonium thiocyanate, NH^SCN, in 1,000 ml of 
water, and standardize by titrating the solution against 0.1 N silver nitrate 
as follows: transfer about 30 ml of 0.1 N silver nitrate, accurately measured, 
into a glass-stoppered flask. Dilute with 50 ml of water, then add 2 ml ferric 
ammonium sulfate TS and 2 ml of nitric acid, and titrate with the ammonium 
thiocyanate solution to the first appearance of a red-brown colour. Calculate 
the normality, and, if desired, adjust the solution to exactly 0.1 N. If 
desired, 0.1 N anmonium thiocyanate my be replaced by 0.1 N potassium 
thiocyanate where the former is directed in various tests and assays. 


0.01 M Barium Chloride 


Dissolve 2.44 g of barium chloride in sufficient water, freshly boiled 
and cooled, to make 1,000 ml. 


0.1 N Br cmine (7.990 g of Br per litre) 


Dissolve 3 g of potassium branate, KBrOj, and 15 g of potassium bromide, 
KBr, in sufficient water to make 1,000 ml, and standardize the solution as 
follows: transfer about 25 ml of the solution, accurately measured, into a 
500-ml iodine flask, and dilute with 120 ml of water. Add 5 ml of hydrochloric 
acid, stepper the flask, and shake it gently. Then add 5 ml of potassium 
iodide TS, re-stopper, shake the mixture, allow it to stand for 5 min, and 
titrate the liberated iodine with 0.1 N sodium thiosulfate, adding starch TS 
near the end of the titration. Calculate the normality. Store this solution 
in dark, glass-stoppered bottles. 


O.i N Ceric Sulfate . (33.22 g of Ce(S0 4 ) 2 per litre) 

Transfer 59 g of ceric ammonium nitrate, Ce(NOj) 4 -2NHJO ^HjO, to a 
beaker, add 31 ml of sulfuric acid, mix, and cautiously add water, in 20 ml 
portions, until solution is complete. Cover the beaker, let stand overnight, 
filter through a s intered-gl ass crucible of fine porosity, add water to make 
1,000 ml, and mix. 


Standardize the solution as follows: weigh accurately 200 mg of primary 
standard arsenic trioxide, As 2 <X, previously dried at 100* for 1 h, and 
transfer to a 500-ml Erlenmeyer flask. Wash dewn the inner walls of the flask 
with 25 ml of sodium hydroxide solution (2 in 5) , swirl to dissolve the 
sample, and when solution is complete add 100 ml of water, and mix. Add 10 ml 
of dilute sulfuric acid (1 in 3) and 2 drops each of orthephenanthroline is 
and a solution of osmium tetroxide in 0.1 N sulfuric acid (1 in 400), and 
slowly titrate with the ceric sulfate solution until the pink colour is 
changed to a very piale blue. Calculate the normality. Each 4.964 mg of ASjO, 
is equivalent to 1 ml of 0.1 N ceric sulfate. 


0.01 N Ceric sulfate, for Tocopherol Assay (3.322 g of 0e(S0 4 ) 2 per litre) 

Dissolve 4.2 g of oeric sulfate, Ce(S0 4 ) ? -41^0, or 5.5 g of the acid 
sulfate 0e(HS0 4 ) 4 , in about 500 ml of water containing 28 ml of sulfuric acid, 
and dilute to 1,000 ml. Allow the solution to stand overnight, and filter. 
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Standardize this solution daily as follows: weigh accurately about 
275 mg of hydroquinone, C^Oj, dissolve it in sufficient 0.5 N ethanolic 
sulfuric acid to make 500 ml, and mix. To 25 ml of this solution add 75 ml 
of 0.5 N sulfuric acid, 20 ml of water, and 2 drops of diphenylamine TS. 
Titrate with the ceric sulfate solution at a rate of about 25 drops per 10 sec 
until the red point is reached which persists for 10 sec. Perform a blank 
determination using 100 ml of 0.5 N ethanolic sulfuric acid, 20 ml of water, 
and 2 drops of diphenylamine TS, and mate any necessary correction. Calculate 
the normality of the ceric sulfate solution by the formula 0.05W/55.057V, in 
which W is the weight, in mg, of the hydroquinone sample taken, and V is the 
volume, in ml, of the ceric sulfate solution consumed in the titration. 

0.0S M Disodium Ethylenediaminetetraacetate fEPTA) . (16.811 g of 
per litre) 

Dissolve 18.7 g of disodium ethylenediaminetetraacetate in sufficient 
water, freshly boiled and cooled, to mate 1,000 ml. 

Standardize the solution as follows: weigh accurately about 0.2 g of 
chelometric standard calcium carbonate, CaOOj, transfer to a 400-ml beaker, 
add 10 ml of water, and swirl to form a slurry. Cover the beater with a watch 
glass, and introduce 2 ml of dilute hydrochloric acid TS from a pipet inserted 
between the lip of the beater and the edge of the watch glass. Swirl the 
contents of the beater to dissolve the calcium carbonate. Wash down the sides 
of the beaker, the outer surface of the pipet, and the watch glass, and dilute 
to about 100 ml with water. While stirring preferably with a magnetic stirrer, 
add about 30 ml of the disodium EDTA solution from a 50-ml buret, then add 
15 ml of sodium hydroxide TS and 300 mg of hydroxynaphthol blue indicator, and 
continue the titration to a blue end-point. Calculate the molarity by the 
formula W/100.09V, in which W is the weight, in mg, of CaOO, in the sample of 
calcium carbonate taken, and V is the volume, in ml, of disodium EDEA solution 
consumed. Each 5.004 mg of CaOOj is equivalent to 1 ml 0.05 M disodium EDTA. 

0.1 N Ferrous ammonium Sulfate . (28.405 g of FeS0 4 (NI^)jS0 4 per litre) 

Dissolve 40 g of ferrous ammonium sulfate hexahydrate in a 100 ml 
portion of a mixture of 100 ml of sulfuric acid and 100 ml of water previously 
cooled, add water to 1,000 ml, and standardize as follows: 

Titrate 25 ml of this solution with 0.1 N ceric sulfate, using 2 drops 
of orthophenanthroline TS as the indicator, until a red colour of the solution 
changes to pale blue. Calculate the normality from the volume of 0.1 N ceric 
sulfate consumed. 

10 N Hydrochloric Ac id 

Prepare and standardize, as directed under 1 N hydrochloric acid, using 
950 ml of hydrochloric acid. 

6 N Hydrochloric Acid 

Prepare and standardize, as directed under 1 N hydrochloric acid, using 

570 ml of hydrochloric acid. 
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2 H Hydrochloric Acid 

Prepare and standardize, as directed under 1 N hydrochloric acid, using 
190 ml of hydrochloric acid. 

1 N Hydrochloric Acid . (36.461 g of HC1 per litre) 

Dilute 95 ml of hydrochloric acid with water to 1,000 ml. Standardize 
by one of the following methods: 

Method I : Dissolve about 1.5 g sodium carbonate (standard reagent) 
previously dried at about 270“ for 1 h and accurately weighed, in 100 ml of 
water, and titrate with hydrochloric acid, using 2 drops of brcroophenol blue 
TS as the indicator. Near the endpoint, boil to expel carbon dioxide, cool 
and continue to titrate. Calculate the normality. 

Method II : Add 130 ml of water and 5 drops of nitric acid to 20 ml of 
1 N hydrochloric acid. While stirring constantly, add about 40 ml of silver 
nitrate solution (1 in 10) or even more if necessary, until the precipitation 
is completed. Boil the mixture gently for 5 min, allow to stand in the dark 
until the precipitate settles. Transfer the precipitate completely into a 
tared Gooch crucible, dry to constant weight at 110“ , and wash with water, 
slightly acidified with nitric acid, until the washings give no reaction for 
silver. Dry to constant weight at about 110*. From the weight of silver 
chloride obtained, calculate the normality of hydrochloric acid. 

0.5 B Hydrochloric Acid 

Using 47.5 ml of hydrochloric acid, prepare and standardize, as directed 
under 1 N hydrochloric acid. 

0.1 N Hydrochloric Acid 

Prepare this solution by diluting 1 N hydrochloric acid with water to 
10 volumes, or using 9.5 ml of hydrochloric acid, prepare as directed under 
1 N hydrochloric acid. Standardize as directed under 1 N hydrochloric acid. 

0.02 N Hydrochloric acid 

Dilute 0.1 N hydrochloric acid with water to 5 volumes, and standardize 
as directed under 1 N hydrochloric acid. 

0.01 N Hydrochloric Acid 

Dilute 0.1 N hydrochloric acid with water to 10 volumes, and standardize 
as directed under 1 N hydrochloric acid. 

0.002 N Hydrochloric Acid 

Dilute 0.1 N hydrochloric acid with water to 50 volumes. 

0.001 N Hydrochloric Acid 

Dilute 0.1 N hydrochloric acid with water to 100 volumes. 
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0.5 N Hydroxyl amine Hydrochloride . (34.745 g of tff^OHHCl per litre) 

Dissolve 35 g of hydroxylamine hydrochloride in 150 ml of water, and 
dilute to 1,000 ml with anhydrous methanol. To 500 ml of this solution add 
15 ml of a 0.04% solution of bromophenol blue in ethanol, and titrate with 
0.5 N triethanolamine until the solution appears greenish blue by transmitted 
light. Prepare this solution fresh before use. 

0.1 N Iodine . (12.690 g of iodine per litre) 

Dissolve 14 g of iodine in a solution of 36 g of potassium iodide 
dissolved in 100 ml of water. Add 3 drops of hydrochloric acid and water to 
1,000 ml, cirri standardize as follows. 

Weight accurately about 0.15 g of arsenic trioxide previously pulverized 
and dried to constant weight at 100”, and dissolve in 20 ml of 1 N sodium 
hydroxide by heating if necessary. Dilute with about 40 ml of water, add 
2 drops of methyl orange TS, and add dilute hydrochloric acid until the yellow 
oolour changes to pale pink. Add 2 g of sodium bicarbonate, dilute with 50 ml 
of water, and add 3 ml of starch TS. Titrate with 0.1 N iodine until a 
sustaining blue colour is produced. Store in a glass stoppered bottle and 
restandardize frequently. Calculate the normality. Each 4.946 mg of ASjOj is 
equivalent to 1 ml of 0.1 N iodine. 

0.1 N Lithium Methoxide . (3.797 g of CHjOLi per litre) 

Dissolve 600 mg of freshly cut lithium metal in a mixture of 150 ml of 
absolute methanol and 850 ml of benzene. Filter the resulting solution if it 
is clcudy, and standardize it as follows: dissolve about 80 mg of benzoic 
acid, accurately weighed, in 35 ml of dimethyl formamide, add 5 drops of thymol 
blue TS, and titrate with the lithium methoxide solution to a dark blue 
endpoint. I Caution . Protect the solution from absorption of carbon dioxide and 
moisture by covering the titration vessel with aluminium foil while dissolving 
the benzoic acid sample and during the titration.) Each ml of 0.1 N lithium 
methoxide is equivalent to 12.21 mg of benzoic acid. 

0.1 N Magnesium Chloride . (4.761 g of MgCl^ per litre) 

Dissolve 10.5 g of magnesium chloride in freshly boiled and cooled water 
to make 1,000 ml. 

o.i M Mercuric Nitrate . (32.46 g of HgfNOjJj per litre) 

Dissolve about 35 g of mercuric nitrate, Hg(NQ,) 2 HjO, in a mixture of 
5 ml of nitric acid and 500 ml of water, and dilute with water to 1,000 ml. 
Standardize the solution as follows: transfer an accurately measured volume 
of about 20 ml of the solution into an Erlenmeyer flask, and add 2 ml of 
ferric ammonium sulfate TS. Cool to below 20’ , and titrate with 0.1 N ammonium 
thiocyanate to the first appearance of a permanent brownish colour. Calculate 
the molarity. 
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0.1 N Oxalic acid , (4.502 g of Hj(y> 4 per litre) 


Dissolve 6.45 g of oxalic acid, HjCjO^HjO, in sufficient water to make 

1,000 ml. Standardize by titration against freshly standardized 0.1 N 
potassium permanganate as directed under Potassium Permanganate 0.1 N. Store 
this solution in glass-stoppered bottles, protected from light. 


0.1 M Perchloric Acid . (10.046 g of HC10 4 per litre) 

Transfer about 8.5 ml of 70% perchloric acid into a 1, 000-ml flask, add 
950 ml of glacial acetic acid, and shake well. Add 15 ml of acetic anhydride 
gradually by dividing into 1 ml portions, and then dilute with acetic acid to 

1,000 ml. Allcw the solution to stand overnight. 

Standardize as follows: add 50 ml of glacial acetic acid to 0.4 g of 
potassium biphthalate, previously dried at 120‘ for 1 h and accurately 
weighed, and heat to dissolve on a water bath. Titrate with 0.1 N perchloric 
acid to the end point, at which the colour changes from violet to blue, using 
1 ml of 0.05% acetic anhydride solution of crystal violet as the indicator, 
and calculate the normality by the following formula: 


Weight of potassium 

Normality factor , biphthalate (g) x 1,000 x 10 


The number of ml of 0.1 (I 
perchloric acid consumed 


x 204.22 


0.1 N Potassium Acid Fhthalate . (20.42 of KHC 6 H(COO) 2 per litre) 

Dissolve 20.42 g of primary standard potassium biphthalate, KHC,t^(000),, 
in glacial acetic acid in a 1, 000-ml volumetric flask, warming on a steam bath 
if necessary to effect solution and protecting the solution from contamination 
by moisture. Cool to room temperature, dilute to volume with glacial acetic 
acid, and mix. 


0.1 N Potassiun Brcmate . (2.784 g of KBrOj per litre) 

Dissolve 2.8 g of potassium brcmate in sufficient water to mate 

1,000 ml. 


Standardize as follcws: transfer 40 ml of the solution into a glass- 
stoppered flask, and add 3 g of potassium iodide and 3 ml of hydrochloric 
acid. Stopper tightly, and allow to stand for 5 min in the dark. Titrate the 
free iodine with 0.1 N sodium thiosulfate, using starch IS as the indicator. 
Perform a blank test in the same manner as the sample. 


0.1 N Potas sidn Dichrcmate , (4.903 g of KjCTjO^ per litre) 

Dissolve 4.904 g of potassium dichrcmate previously pulverized and 
dried to constant weight at 120', in sufficient water to make 1,000 ml. 
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0.5 N Potassium Hydroxide, Ethanol ic 

Dissolve about 35 g of potassium hydroxide, KQH, in 20 ml of water, and 
sufficient aldehyde-free alcohol to mate 1,000 ml. Allow the solution to stand 
in a tightly stoppered bottle for 24 h. Then quickly decant the clear 
supernatant liquid into a suitable, tight container, and standardize as 
follows: transfer quantitatively 25 ml of 0.5 N hydrochloric acid into a 
flask, dilute with 50 ml of water, add 2 drops of phenolphthalein TS, and 
titrate with the ethanolic potassium hydroxide solution until a permanent, 
pale pink colour is produced. Calculate the normality. Store this solution in 
a tightly stoppered bottle protected from light. 

1 M Potassium Hydroxide , (56.109 g of KDH per litre) 

Using about 70 g of potassium hydroxide, prepare and standardize as 
directed under 1 N sodium hydroxide. Each 204.2 mg of KHC 6 H^(COO) 2 is 
equivalent to 1 ml of 1 N potassium hydroxide. 

0.5 M Fotassim i Hy droxide 

Dilute 1 N potassium hydroxide with water freshly boiled and cooled to 
5 volumes, or using about 35 g of potassium hydroxide, prepare as directed 
under 1 N potassium hydroxide. 

0.1 II Potass iun Hyd roxide 

Dilute 1 N potassium hydroxide with water, freshly boiled and cooled, 
to 10 volumes, or using about 7 g of potassium hydroxide, prepare as directed 
under 1 N potassium hydroxide. Standardize as directed under 1 N potassium 
hydroxide. 

0.05 M Potass ium Iodate . (10.70 g of KIOj per litre) 

Dissolve 10.700 g of potassium iodate of primary standard quality, KIOj, 
previously dried at 110* to constant weight, in sufficient water to mate 
1,000 ml. 

o.l N Potassium Permanganate . (3.161 g of KMn0 4 per litre) 

Dissolve about 3.3 g of potassium permanganate in 1,000 ml of water, and 
boil for about 15 min. Allcw to stand in a tightly closed flask for at least 

2 days, and filter throu^i a fine porosity sintered glass crucible. Store in 
a glass-stoppered, light-resistant bottle, and restandardize before use. 

Standardize as follows: dissolve 0.2 g of sodium oxalate previously 
dried at 110* to constant weight and accurately weighed, in about 250 ml of 
water. Add 7 ml of sulfuric acid, heat to about 70' and titrate with 0.1 N 
potassium permanganate while hot. Each 6.700 mg of Naj<^0 4 is equivalent to 
1 ml of 0.1 N potassium permanganate. 

0.01 H Potassiun Sulfate . (1.743 g of KjSO^ per litre) 

Dissolve 1.743 g of potassium sulfate, previously dried at 110' for 4 h, 
in sufficient water, freshly boiled and cooled, to make 1,000 ml. 
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0.1 N Silver Nitrate . (16.99 g of AcptC^ per litre) 


Dissolve about 17.5 g of silver nitrate, AgNOj, in 1,000 ml of water, 
and standardize the solution as follows: dilute about 40 ml, accurately 
measured, of the silver nitrate solution with about 100 ml of water, heat the 
solution, and add slowly, with continuous stirring, dilute hydrochloric acid 
IS until precipitation of the silver is complete. Boil the mixture cautiously 
for about 5 min, then allcw it to stand in the dark until the precipitate has 
settled and the supernatant liquid has become clear. Transfer the precipitate 
completely to a tared filtering crucible, and wash it with small portions of 
water slightly acidified with nitric acid. Dry the precipitate at 110" to 
constant wei<^rt. Each 14.332 mg of silver chloride obtained is equivalent to 
1 ml of 0.1 N silver nitrate. Protect the silver chloride from light as much 
as possible during the determination. 


0.05 N Sodium Arseni te . (3.248 g of NaAsO^ per litre) 

Transfer 2.4725 g of arsenic trioxide, which has been pulverized and 
dried at 100° to constant weight, to a 1,000-ml volumetric flask, dissolve it 
in 20 ml of IN sodium hydroxide, and add 1 N sulfuric acid or 1 N 
hydrochloric acid until the solution is neutral or only slightly acid to 
litmus. Add 15 g of sodium bicarbonate, dilute to volume with water, and mix. 

0.1 N Sodium Chloride . (5.844 g of NaCl per litre) 


Dissolve 5.845 g of sodium chloride, previously dried at 110° 
in sufficient water to make 1,000 ml. 


for 2 


h, 



1 N sodiun Hydroxide . (39.997 g of NaOH per litre) 


Dissolve 45 g of sodium hydroxide in about 950 ml of water, and add a 
saturated barium hydroxide solution, freshly prepared, until not further 
precipitate is formed. Shake the mixture thoroughly, and allcw to stand 
overnight in a stoppered bottle. Decant the supernatant liquid or filter the 
solution, and standardize by one of the following methods. Store in a well- 
fitted, rubber-stoppered bottle, or in a bottle with a soda-lime tube, and 
restandardize frequently. 

Method I : Dilute 25 ml of 1 N hydrochloric acid or 1 N sulfuric acid 
with 50 ml of water, freshly boiled and cooled, and titrate with 1 N sodium 
hydroxide, using 2 drops of phenolphthalein TS as the indicator. 

Method II : Dissolve about 5 g of potassium biphthalate previously 
powdered, dried at 100° for 3 h and weighed accurately, in 75 ml of water, 
freshly boiled and cooled, and titrate with 1 N sodium hydroxide solution, 
using drops of phenolphthalein Ts as the indicator. Each 204.2 mg of potassium 
biphthalate is equivalent to 1 ml of 1 N sodium hydroxide. 

0.5 N Sodium Hy droxide 


Using about 22 g of sodium hydroxide, prepare, standardize and store, 
as directed under 1 N sodium hydroxide. Restandardize frequently. 


Copyrighted mater al 


295 


0.2 N Sodiun Hydroxide 

Dilute 1 N sodium hydroxide with water, freshly boiled and cooled, to 
5 volumes, or use about 9 g of sodium hydroxide and prepare as directed under 
1 N sodium hydroxide. Standardize and store, as directed under 1 N sodium 
hydroxide. Restandardize frequently. 

o.X N Sodium Hyd roxide 

Dilute 1 N sodium hydroxide with water, freshly boiled and cooled, to 
10 volumes, or use about 4.5 g of sodium hydroxide and prepare as directed 
under 1 N sodium hydroxide. Standardize and store, as directed under 1 N 
sodium hydroxide. Restandardize frequently. 

0.05 N Soditm Hydroxide 

Dilute 1 N sodium hydroxide with water, freshly boiled and cooled, to 
20 volumes. Standardize and store, as directed under 1 N sodium hydroxide. 
Restandardize frequently. 

0.02 N sodium Hydroxide 

Dilute 0.1 N sodium hydroxide with water, freshly boiled and cooled, to 
5 volumes. Standardize and store, as directed under 1 N sodium hydroxide. 
Restandardize frequently. 

0.01 K Sodium Hydroxide 

Dilute 0.1 N sodium hydroxide with water, freshly boiled and cooled, to 
10 volumes. Standardize and store, as directed under 1 N sodium hydroxide. 
Restandardize frequently. 

0.1 N Sodiun Methcari.de. in Pyridine . (5.40 g of CHjONa per litre) 

Weigh 14 g of freshly cut sodium metal, and cut into small cubes. Place 
about 0.5 ml of anhydrous methanol in a round -bottom 250-ml flask equipped 
with a ground-glass joint, add 1 cube of the sodium metal, and when the 
reaction subsides, add the remaining sodium metal to the flask. Connect a 
water-cooled condenser to the flask, and slcwly add 100 ml of anhydrous 
methanol, in small portions, through the top of the condenser. Regulate the 
addition of the methanol so that the vapours are condensed and do not escape 
through the top of the condenser. After addition of the methanol is complete, 
connect a drying tube to the top of the condenser, and allcw the solution to 
cool. Transfer 17.5 ml of this solution (approximately 6 N) into a 1,000-ml 
volumetric flask containing 70 ml of anhydrous methanol, and dilute to volume 
with freshly distilled pyridine. Store preferably in the reservoir of an 
automatic buret suitably protected from carbon dioxide and moisture. 
Standardize the solution as follows: weigh accurately about 400 mg of benzoic 
acid, transfer it into a 250 ml wide-mouth Erlenmeyer flask, and dissolve it 
in 50 ml of freshly distilled pyridine. Add a few drops of thymolphthalein TS, 
and titrate immediately with the sodium methoxide solution to a blue endpoint. 
During the titration, direct a gentle stream of nitrogen into the flask 
through a short piece of 6-mm glass tubing fastened near the tip of the buret. 
Perform a blank determination, correct for the volume of sodium methoxide 
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solution consumed by the blank, and calculate the normality. Each 12.21 mg of 
benzoic acid is equivalent to 1 ml of 0.1 N sodium methoxide in pyridine. 

0.1 M 8odiun Mi trite , (7.900 g of NaNQ, per litre) 

Dissolve 7.5 g of sodium nitrite, NaNOj, in sufficient water to make 
1,000 ml, and standardize the solution as follows: Weigh accurately about 
500 mg of U.S.P. Sulfanilamide Reference Standard, previously dried at 105‘ 
for 3 h, and transfer to a beaker or a casserole. Add 50 ml of water and 5 ml 
of hydrochloric acid, and stir well until dissolved. Cool to 15”, and add 
about 25 g of crushed ice, then titrate slowly with the sodium nitrite 
solution, stirring vigorously until a blue colour is produced immediately when 
a glass rod dipped in the titrated solution is streaked on a smear of starch 
iodide paste TS. When the titration is oonplete, the endpoint should be 
reproducible after the mixture has been standing for 1 min. Calculate the 
molarity. Each 17.22 mg of sulfanilamide is equivalent to 1 ml of 0.1 M sodium 
nitrite. 

0.1 N Sodiun Thiosulfate , (15.82 g of Na^O, per litre) 

Dissolve about 26 g of sodium thiosulfate, Na^Oj -SHjO, and 200 mg of 
sodium carbonate, NajCOj, in 1,000 ml of recently boiled and cooled water. 
Standardize the solution as follows: weigh accurately about 210 mg of primary 
standard potassium dichronate, previously pulverized and dried at 120* for 
4 h, and dissolve in 100 ml of water in a 500 ml glass -stoppered flask. Swirl 
to dissolve the saitple, remove the stopper and quickly add 3 g of potassium 
iodide, KI, and 5 ml of hydrochloric acid. Stopper the flask, swirl to mix, 
and let stand in the dark for 10 min. Rinse the stepper and inner walls of the 
flask with water, and titrate the liberated iodine with the sodium thiosulfate 
solution until the solution is only faint yellow in colour. Add starch TS, and 
continue the titration to the discharge of the blue colour. Calculate the 
normality. 

0.01 N Sodium Thiosulfate 

Dilute 0.1 N sodium thiosulfate with water, freshly boiled and cooled, 
to 10 volumes. Standardize as directed under 0.1 N sodium thiosulfate before 
use. 




4_m sulfuric acid 

This solution contains 196.155 g of I^S0 4 per 1,000 ml. 

Using 120 ml of sulfuric acid, prepare end standardize, as directed 
under 1 N sulfuric acid. 

1 N Sulfuric Acid . (49.039 g of HjS 0 4 per litre) 

While stirring, slowly add 30 ml of sulfuric acid to about 1,000 ml of 
water, allow to cool to 20" , and standardize with sodium carbonate (standard 
reagent) as directed under 1 N hydrochloric acid. Each 52.99 mg of NajOOj is 
equivalent to 1 ml of 1 N sulfuric acid. 
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0.5 II Sulfuric Reid 

Using 15 ml of sulfuric acid, prepare and standardize, as directed under 
1 N sulfuric acid. 

0.2 N Sulfuric acid 

Using 6 ml of sulfuric acid, prepare and standardize, as directed under 
1 N sulfuric acid. 

0.1 H Sulfuric ftcid 

Dilute 1 N sulfuric acid with water to 10 volumes, or using 3 ml of 
sulfuric acid, prepare as directed under 1 N sulfuric acid. Standardize as 
directed under 1 N sulfuric acid. 

0.02 N Sulfuric Acid 


Dilute 0.1 N sulfuric acid with water to 5 volumes, and standardize as 
directed under 1 N sulfuric acid. 

0.01 N Sulfuric acid 

Dilute 0.1 N sulfuric acid with water to 10 volumes, and standardize as 
directed under 1 N sulfuric acid. 

0.5 H Sulfuric Acid, Ethanol ic 

Add cautiously, with stirring, 13.9 ml of sulfuric acid to a sufficient 
quantity of absolute ethanol to make 1,000 ml. Alternatively, this solution 
may be prepared by diluting 100 ml of 5 N sulfuric acid with absolute ethanol 
to make 1,000 ml. 

0.1 M Thorim Nitrate . (48.01 g of Th(N0j) 4 per litre) 

Weigh accurately 55.21 g of thorium nitrate Ui(N0j) 4 -4HjO, dissolve it 
in water, dilute to 1,000 ml, and mix. Standardize the solution as follows: 
transfer 50 ml into a 500-ml volumetric flask, dilute to volume with water, 
and mix. Transfer 50 ml of the diluted solution into a 400-ml beaker, add 
150 ml of water and 5 ml of hydrochloric acid, and heat to boiling. While 
stirring, add 25 ml of a saturated solution of oxalic acid, then digest the 
mixture for 1 h just belcw the boiling point and allcw to stand overnight. 
Decant through Whatman No. 42, or equivalent, filter paper, and transfer the 
precipitate to the filter using about 100 ml of a wash solution consisting of 
70 ml of the saturated oxalic acid solution, 430 ml of water, and 5 ml of 
hydrochloric acid. Transfer the precipitate and filter paper to a tared tail- 
form porcelain crucible, dry, char the paper, and ignite at 950" for 1.5 h or 
to constant weight. Cool in a desiccator, weii^i, and calculate the molarity 
of the solution by the formula 200W/264.04, in which W is the weight, in g, 
of thorium oxide obtained. 
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0,1 N Titanoug Chloride . (15.426 g of TiClj per litre) 


Mix 200 ml of 15% titanous chloride and 150 ml of hydrochloric acid, and 
dilute with freshly boiled and cooled water to 2,000 ml. Transfer into a 
ligth-shaded bottle equipped with a burret, replace the air in the bottle with 
hydrogen, and allow to stand for 2 days before use. Standardize as follows: 
place 3 g of ferrous aranonium sulfate in a wide-mouthed 500 ml flask, dissolve 
in 50 ml of freshly boiled and cooled water in an atmosphere of carbon dioxide 
and add 25 ml dilute sulfuric acid (27 in 100) . Bass carbon dioxide through 
the solution, then quickly add 40 ml of 0.1 N potassium permanganate and add 
0.1 N titanous chloride until the endpoint is nearly reached. Immediately add 
5 g of ammonium thiocyanate, and titrate the solution with 0.1 N titanous 
chloride to the end point, when the colour of the solution disappears. Perform 
a blank test in the same manner as the sample. 


Volume of 0,1 N potassium permanganate added (ml) 

Normality factor 

The number of ml of 0.1 N titanous chloride consumed 


0.5 N Triethanolamine . (74 g of N(CHjCI^0H)j per litre) 

Transfer 65 ml (74 g) of 98% triethanolamine into a 1,000 ml volumetric 
flask, dilute to volume with water, stopper the flask, and mix thoroughly. 


0.01 M Zinc acetate . (1.835 g of Zn(CHjOOO) 2 per litre) 


Dissolve 2 g of zinc acetate in sufficient water to make 1,000 ml. 
Standardize as follows: to 25 ml of 0.01 M zinc acetate, add 2 ml of 
ammonia/ammonium chloride buffer solution and sufficient water to about 
100 ml. Titrate the solution with 0.01 M disodium ethylenediaminetetraacetate, 
using 3 drops of eriochrome black TS as the indicator. 


0.025 M Zinc Chloride . (3.407 g of ZnClj per litre) 

Place about 1.6 g of zinc in a beaker, add 30 ml of dilute hydrochloric 
acid, cover with a watch glass, and allcw to stand. Dissolve by heating gently 
on a water bath after the initial rapid release of hydrogen gas. Wash the 
watch glass and the inside wall of the beaker with water, evaporate to almost 
dryness on a water bath, cool, and add water to 1,000 ml. Standardize as 
directed for 0.05 M zinc sulfate. Calculate the molarity. 


0.05 M Zinc Sulfate . (8.072 g of ZnS0 4 per litre) 

Dissolve about 15 g of zinc sulfate, ZnS0 4 -7H,0 in sufficient water to 
make 1,000 ml, and standardize the solution as follcws: dilute about 35 ml 
0.05 M zinc sulfate accurately measured, with 75 ml of water, add 5 ml of 
ammonia/amrcnium chloride buffer TS and 0.1 ml of eriochrcme black TS, and 
titrate with 0.05 M disodium ethylenediaminetetraacetate until the solution 
is deep blue in colcur. Calculate the molarity. 
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XV. ANNEXES 


ANNEX 1 


Bertrand Table (1) 


BERTRAM) TABLE 


Weight of Weight of Copper equivalent Weight of Weight of Copper equivalent 

Sugars (mg) to Sugars (mg) Sugars (mg) to Sugars (mg) 


Invert Dextrose Galactose Maltose Lactose Invert Dextrose Galactose Hal tose Lactose 

Sugar Sugar 


10 

20.6 

20.4 

19.3 

11.2 

14.4 

33 

64.8 

64.6 

61.5 

36.5 

46.1 

11 

22.6 

22.4 

21.2 

12.3 

15.8 

34 

66.7 

66.5 

63.3 

37.6 

47.4 

12 

24.6 

24.3 

23.0 

13.4 

17.2 

35 

68.5 

68.3 

65.0 

38.7 

48.7 

13 

26.5 

26.3 

24.9 

14.5 

18.6 

36 

70.3 

70.1 

66.8 

39.8 

50.1 

14 

28.5 

28.3 

26.7 

15.6 

20.0 

37 

72.2 

72.0 

68.6 

40.9 

51.4 

15 

30.5 

30.2 

28.6 

16.7 

21.4 

38 

74.0 

73.8 

70.4 

41.9 

52.7 

16 

32.5 

32.2 

30.5 

17.8 

22.8 

39 

75.9 

75.7 

72.1 

43.0 

54.1 

17 

34.5 

34.2 

32.2 

18.9 

24.2 

40 

77.7 

77.5 

73.9 

44.1 

55.4 

18 

36.4 

36.2 

34.2 

20.0 

25.6 

41 

79.5 

79.3 

75.6 

45.2 

56.7 

19 

38.4 

38.1 

36.0 

21.1 

27.0 

42 

81.2 

81.1 

77.4 

46.3 

58.0 

20 

40.4 

40.1 

37.9 

22.2 

28.4 

43 

83.0 

82.9 

79.1 

47.4 

59.3 

21 

42.3 

42.0 

39.7 

23.3 

29.8 

44 

84.8 

84.7 

80.8 

48.5 

60.6 

22 

44.2 

43.9 

41.6 

24.4 

31.1 

45 

86.5 

86.4 

82.5 

49.5 

61.9 

23 

46.1 

45.8 

43.4 

25.5 

32.5 

46 

88.3 

88.2 

84.3 

50.6 

63.3 

24 

48.0 

47.7 

45.2 

26.6 

33.9 

47 

90.1 

90.0 

86.0 

51.7 

64.6 

25 

49.8 

49.6 

47.0 

27.7 

35.2 

48 

91.9 

91.8 

87.7 

52.8 

65.9 

26 

51.7 

51.5 

48.9 

28.9 

36.6 

49 

93.6 

93.6 

89.5 

53.9 

67.2 

27 

53.6 

53.4 

50.7 

30.0 

38.0 

50 

95.4 

95.4 

91.2 

55.0 

68.5 

28 

55.5 

55.3 

52.5 

31.1 

39.4 

51 

97.1 

97.1 

92.9 

56.1 

69.8 

29 

57.4 

57.2 

54.4 

32.2 

40.7 

52 

98.8 

98.9 

94.6 

57.1 

71.1 

30 

59.3 

59.1 

56.2 

33.3 

42.1 

53 

100.6 

100.6 

96.3 

58.2 

72.4 

31 

61.1 

60.9 

58.0 

34.4 

43.4 

54 

102.2 

102.3 

98.0 

59.3 

73.7 

32 

63.0 

62.8 

59.7 

35.5 

44.8 

55 

104.0 

104.1 

99.7 

60.3 

74.9 
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Bertrand Table (2) Continued 


Weight of Weight of Copper equivalent Weight of Weight of Copper equivalent 

Sugars (mg) to Sugars (mg) Sugars (mg) to Sugars (mg) 


Invert Dextrose Galactose Maltose Lactose Invert Dextrose Galactose Maltose lactose 

Sugar Sugar 


56 

105.7 

105.8 

101.5 

61.4 

76.2 

79 

143.7 

144.5 

139.7 

86.1 

105.4 

57 

107.4 

107.6 

103.2 

62.5 

77.5 

80 

145.3 

146.1 

141.3 

87.2 

106.7 

58 

109.2 

109.3 

104.9 

63.5 

78.8 

81 

146.9 

147.7 

142.9 

88.3 

107.9 

59 

110.9 

111.1 

106.6 

64.6 

80.1 

82 

148.5 

149.3 

144.6 

89.4 

109.2 

60 

112.6 

112.8 

108.3 

65.7 

81.4 

83 

150.0 

150.9 

146.2 

90.4 

110.4 

61 

114.3 

114.5 

110.0 

66.8 

82.7 

84 

151.6 

152.5 

147.8 

91.5 

111.7 

62 

115.9 

116.2 

111.6 

67.9 

83.9 

85 

153.2 

154.0 

149.4 

92.6 

112.9 

63 

117.6 

117.9 

113.3 

68.9 

85.2 

86 

154.8 

155.6 

151.1 

93.7 

114.1 

64 

119.2 

119.6 

115.0 

70.0 

86.5 

87 

156.4 

157.2 

152.7 

94.8 

115.4 

65 

120.9 

121.3 

116.6 

71.1 

87.7 

88 

157.9 

158.8 

154.3 

95.8 

116.6 

66 

122.6 

123.0 

118.3 

72.2 

89.0 

89 

159.5 

160.4 

156.0 

96.9 

117.9 

67 

124.2 

124.7 

120.0 

73.3 

90.3 

90 

161.1 

162.0 

157.6 

98.0 

119.1 

68 

125.9 

126.4 

121.7 

74.3 

91.6 

91 

162.6 

163.6 

159.2 

99.0 

120.3 

69 

127.5 

128.1 

123.3 

75.4 

92.8 

92 

164.2 

165.2 

160.8 

100.1 

121.6 

70 

129.2 

129.8 

125.0 

76.5 

94.1 

93 

165.7 

166.7 

162.4 

101.1 

122.8 

71 

130.8 

131.4 

126.6 

77.6 

95.4 

94 

167.3 

168.3 

164.0 

102.2 

124.0 

72 

132.4 

133.1 

128.3 

78.6 

96.9 

95 

168.8 

169.9 

165.6 

103.2 

125.2 

73 

134.0 

134.7 

130.0 

79.7 

98.0 

96 

170.3 

171.5 

167.2 

104.2 

126.5 

74 

135.6 

136.3 

131.5 

80.8 

99.1 

97 

171.9 

173.1 

168.8 

105.3 

127.7 

75 

137.2 

137.9 

133.1 

81.8 

100.4 

98 

173.4 

174.6 

170.4 

106.3 

128.9 

76 

138.9 

139.6 

134.8 

82.9 

101.7 

99 

175.0 

176.2 

172.0 

107.4 

130.2 

77 

140.5 

141.2 

136.4 

84.0 

102.9 

100 

176.5 

177.8 

173.6 

108.4 

131.4 

78 

142.1 

142.8 

138.0 

85.1 

104.2 
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AMtEX 2 


REPORT AND OTHER DOCUMENTS 
RESULTING FROM PREVIOUS SESSIONS 
OF THE JOINT FAP/WHO 
EXPERT OQMMOTEE ON POOD ADDITIVES 


Documents marked with an "x" may be obtained on request from: Division 
of Environmental Health, World Health Organization, 1211 Geneva 27, 
Switzerland, or from Food Quality and Standards Service, Food and Agriculture 
Organization of the United Nations, 00100 Rome, Italy. 

1. General principles governing the use of food additives (First report of 
the Expert Committee) . FAO Nutrition Meetings Report Series, No. 15, 1957; WHO 
Technical Report Series, No. 129, 1957 (out of print) . 

2. Procedures for the testing of intentional food additives to establish 
their safety for use (Second report of the Expert Committee) . FAO Nutrition 
Meetings Report Series, No. 17, 1958; WHO Technical Report Series, No. 144, 
1958 (out of print) . 

3. Specifications for identity and purity of food additives (anti- 
microbial preservatives and antioxidants! (Third report of the Expert 
Committee) . These specifications were subsequently revised and published as 
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